JOURNAL 
OF THE 


INDIAN CHEMICAL SOCIETY 





VOLUME IX 





CALCUTTA UNIVERSITY PRESS 





Gouncil of the Bndian Ghemical Society 


President : 
B. K. Siyeu, Sce.D., F.I.C., 1.E.S. 


Dice- Presidents: 
(Who have filled the Office of President) 


Sir P. C. Ray, Kr., 


C.LE., Pu.D., D.Sc. 


GitBert J. Fow.Er, D.Sc., F.LC. 
BDice- Presidents : 


S. S. Boatnacar D. 


Sc., F. Inst. P. 


U. N. Branmacuari, M.A., M.D., Px.D. 


N. R. Duar, D.Sc., 


F.LC., Dr.&s. Sc. 


H. E. Watson, D.Sc., F.1.C. 


Secretary: 

P. C, Mirrer, M.A., Pu.D. 
Greasurer: 

H. K. Sen, M.A., D.Sc., D.LC. 


@ditors: 
|. J. C. Guosn,i D.Sc. 


| 


| A.C. Sircar, M.A., Pa.D. 


} 


Wlembers of the Council : 


. K, Cuowpuury, M.Sc., Pa.D. 
. B. Dey, D.Sc., F.C. 

. B. Dunnicuirr, Sc.D., F.1.C. 
. Dutt, D.Sc. 
upHaMmoy Guosu, D.Sc. 

. C. Guna, D.Sc. 

.H. Hassan, M.Sc., Pu.D., L.Aa 
. F. Hunter, D.Sc., Pa.D. 

. N. Kappanna, D.Sc. 

. 8. MacMauon, M.Sc. 


OP RR OMmES 


S. D. Muzarrer, M.A., Pu.D. 

A. R. Normanp, Px.D. 

P. Nzoa1, M.A., Pu.D., LE.S. 

Rev. Farner J. Van Neste, S.J. 

Mata Prasap, D.Sc. 

B. Sangtva Rao, M.Sc., Pu.D. 

P. R. Ray, M.Sc. 

R. C. Ray, D.Sc., F.1.C. 

Rao Banapur M. R. Ramaswam 
Sivan, B.A., Dip. Aart. 





P. B, Sarkar, Dr.z’s. Sc. 





Committee of Publication. 


har, D.8c., F.I. 


Qo 


D> merry Am 
ARaAPRoOn” 

7 TD by 

= 

iii 

- &- 

Eb 

> 


4Zza 
MM 
mw 
5 
= 
> 
=: 


iswanath, F.LC 


P. C. Nandi, M.A 


Asstt. Gditors : 


S. G. Cuaupnury, D.Sc, 


> na D.8e., F.Inst.P. 


C., Dr.és. Sc. 


hosh, D. So, —Exzx- officio, 


Hony. Auditors : 


T. K. Rai Chaudhury, B.Sc., L.L.B., A.C.A. 
Cc ., B.8e., A.C.A, 


(Chartered Accountants) 


Asstt. Secretary : 
G. Banzrsez, M.Sc, 








NOV 27 7 








NOV 27 


11, 





10. 





Journal of the Indian Chemical Society. 


Vol. IX, 1982. 
CONTENTS. 


The Early Development of Stereochemistry and Pasteur’s 
Law.—By Bawa Kartar Singh - bee 

On a Test of the Rival Theories of Active Nitrogen.— 
By B. D. Chhabra and H. R. Luthra 

Synthesis of Chromones. Part I. Condensation of 
Halogenated Phenols and Cresols with Alkyl Aceto- 
acetic Esters.— By Duhkhaharan Chakravarti . 

Synthesis of Chromones. Part II. Condensation of 
Nitrophenols with Alkyl Acetoacetic Esters.—By 
Duhkhaharan Chakravarti 

Studies in Quinoline Compounds. Part VI. ality Senko 
nath Brahmachari and Jnanendra Mohan Das-Gupta 

Studies in Oxidation-reduction Potential. Part I. 
Cystine.—By J. C. Ghosh, 8. N. Raychaudhuri and 
8. C. Ganguli ose one ob 

Studies in Oxidation-reduction Potential. Part II. 
Thioglycollic and Thiolactic Acids.—By J. C. Ghosh, 
8. N. Raychaudhuri and 8. C. Ganguli ... 

Behaviour of Nitrophenols with p- ‘Galseserdehans 
Chloride. Part II.—By Shrirang M. Sane, Satyendra 
Nath Chakravarty and Birendra Nath Parmanick 

Behaviour of Nitrophenols with p-Toluenesulphonyl 
Chloride. Part III.—By Shrirang M. Sane and 
Shiam Sunder Joshi ea 

Hetero-ring Formation from Anilino Desestves of See 
cinosuccinic Ester.—By Gajanan Purushottam 
Pendse and Sikhibhushan Dutt 

Constitution of f-Naphthapyrones.—By Biman Bihari 
Dey, Rubugunday Hari Ramachandra. Rau and 
Yegnarama Sankaranarayanan 


582712 





Page 


21 


81 


87° 


48 


53 


55 


59 


67 


71 









ii 


12. 


13. 


14, 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


23. 


24, 





CONTENTS 


On a New Method of Preparation of Hexammine-tri-ol- 
dicobalti-chloride and the Preparation of some 
Nuclear Polymers.—By Tuhinangsu Das-Gupta and 
Pulin Bihari Sarkar one a 

Some New Hydrocupreidine Dictvelbite. Part II.—By 
Sudhamoy Ghosh and Nihar Ranjan Chatterjee 

A Note on the Calculation of the Space Displacements 
of Terminal Carbon Atoms in Ring Formation—By 
K. R. Gunjikar and T. 8. Wheeler 

Introduction of Arsenic into Coumarin Nucleus. Part II. 
—By M. Goswami and H. N. Das-Gupta 

A New Method of Estimating Arsenic in Organo-arsenic 
Derivatives. Part I.—By Hirendra Nath Das-Gupta 

Indigoid Dyes Derived from Phenanthraquinone. Part I. 
Thionaphthene-phenanthrene Indigos.—By Paresh 
Chandra Dutta eos oe 

Studies in Acenaphthenone. Part I. Pyrylium Deriva- 
tives.—By Anukul Chandra Sircar and M. D. edi 
Gopalan 

Studies on the Depenienes of Optical Rotatory Power on 
Chemical Constitution. Part XIV. Stereoisomeric 
Aminomethylenecamphors, Iminomethylenecamphors 
and their Derivatives.—By Bawa Kartar Singh and 
Bhutnath Bhaduri 

Condensation of Butylchloral with Gallic Acid and the 
Three Cresotic Acids.—By (Miss) B. N. Katrak and 
A. N. Meldrum ... ove 

A Study of the Interaction between Thiony! Chloride 
and Substances Containing the Reactive Methylene 
(CHg) Group. Part III]. By K. G. Naik and V. B. 
Thosar ... 

A Physical Method of Estimating Suse ae Ferric tite 
formed by the Action of Potassium Dichromate and 
Potassium Permanganate upon Ferrous Salt.—By 
Mata Prasad and P, Y. Deshpande 

A Note on the Relation between Coagulation and Gelation 
Points of Sols. - By Satya Prakash 

A Note on the Liesegang Rings of Silver Chasaute in 
Gelatine.—By B. N. Desai and G. M. Nabar 


Page 


79 


83 


87 
91 


95 


103 


109 


121 


127 


133 


137 


141 

















25. 


26. 


27. 


31. 


32. 


33. 


34, 


35. 


86. 


37. 


CONTENTS iii 


Page 
The Reaction between Quinolinic Anhydride and Pheny]- 
hydrazine.—By Prem Ranjan Sen-Gupta and 
Anukul Chandra Sircar one ons we 145 


Coumarins and Chromones from 8-Naphthol.—By Biman 
Bihari Dey and Arupathi Krishnaswami Lakshmi- 
narayanan vr ose see «. 149 


Studies in the Coagulation of Colloids from the Stand- 
point of Smoluchowski’s Theory. Part III. Coagu- 
lation of Arsenious Sulphide Sol by Sulphuric Acid 
Solutions.—By Sbridhar Sarvottam Joshi and Gurudas 
Ramchandra Phansalkar =e ooo |= 


Explosion of Oxy-hydrogen Mixtures in Soap Bubbles. — 
By Anath Nath Mitra, Harendra Nath Chatterjee 


and Hemendra Kumar Sen ... sé -- 163 
Studies on Reimer-Tiemann Reaction.—By Rajendra 

Nath Sen and Susil Kumar Ray ~~ oo ae 
Condensation of Benzotrichloride with Phenols.—By 

Rajendra Nath Sen and Susil Kumar Ray -- 181 


Mercuration of Compounds Containing the Reactive 
Methylene (-CHg) Group by means of Mercuric 


Acetate.—By K. G. Naik and R. P. Patel oo. 185 
Influence of Temperature on the Setting of Inorganic 
Jellies.—By Satya Prakash ... ese oo oe 


A New Method of Estimating Arsenic in Organo-arsenic 
Derivatives. Part II.—By Hirendra Nath Das-Gupta 208 
Studies in Quinoline Compounds. Part VII.—By 
Upendranath Brahmachari and Jnanendra Mohan 
Das-Gupta a0 «. 207 
Dyes Derived from Shensatfienguinene: Sicwmeniens- 
thrazines.—By Paresh Chandra Dutta, Damodar 
Prasad and Satish Chandra De eve .. 211 
Studies in Chemotherapy. Part III. (Attempts to 
Prepare Antimalarials). Derivatives of Cotarnine.— 
By Gurcharan Singh Ahluwalia, Basheshar Das 
Kochhar and Jfiianendra Nath Ray vis . 216 
Temperature Coefficients of Photochemical Reactions.— 
By N. R. Dhar and W. V. Bhagwat __... woe 225 








38. 


41. 


42. 


48. 


44. 


46. 


47. 


49. 


61. 


62. 


CONTENTS 


Diamagnetism in Evidence of I. P. of Niton.—By 
Susil Chandra Biswas whe 

The Reduction of Ferric Chloride by Citric ‘Acid, Malic 
Acid and Sugars.—By Rukmini Mohan Purkayastha 

Examination of the Oil of Clupea Ilisha.—By M. Goswami 
and J. Datta 

Friedel and Crafts’ Reaction with Phenolic “Acids. — 
P. C. Mitter and Hirendra Chandra Ray 

Complex Compounds of Iridium. Part I. Cusninnie 
with Organic Sulphides.—By Prafulla Chandra Ray 
and Nadiabehari Adhikari << - 

On the Study of Polyhalides. Part I. Formation and 
Dissociation of Polyhalides of Hydrogen. (Chloro-di- 
bromide, Chloro-diiodide, Bromo-diiodide, Tribromide 
and Triiodide of Hydrogen).—By Susil Kumar Ray ... 

The Constitution of Marmelosin. Part I.—By Brij Behari 
Lal Dikshit and Sikhibhushan Dutt 

The Stability of Coumarinic Acids Derived from Ba-1 2. 
Naphthapyrones.—By Biman Bihari Dey, Rubugun- 
day Hari Ramachandra Rao and Yegnarama Sankara- 
narayanan 

Some Acid estimate of Sets Fibre. vie J. K. Chow. 
dhury and M. N. Mitra ene one 

Studies in Acenaphthenone. Part II. Indole and Acri- 
dine Derivatives.—By Anukul Chandra Sircar and M. 
D. Raja Gopalan 

Synthesis of 2:6-Diethyl-4-pyrone and 2: 6. Di n- prea 
4-pyrone.—By 8. 8. Deshapande oe 

A General Synthesis of a-Unsaturated Acids from Malo- 
nic Acid. Part II.—By Mohonlal Dalal and Sikhi- 
bhushan Dutt ... 

Preparation and Properties of Highly mee Sols. 
Part I.—By R. N. Mittra and N, R. Dhar 


Some Observations on Selenium and Selenium Dioxide 
and the Oxides of Nitrogen.—By Edward Barnes ... 


Influence of Stirring on the Velocity and Temperature 
Coefficient of Photochemical Reactions.—By W. V. 
Bhagwat and N. R. Dhar ee ove 





Page 
233 
287 
243 


247 


251 


259 


271 


281 


291 


297 


815 




















53. 


57. 


69. 


61. 


& 


67. 


CONTENTS 


A Magnetic Study of the Colour Changes in Cobalt 
Chloride.—By 8. 8. Bhatnagar and A, N. Kapur 


Magnetic Properties of Solid Solutions.—By 8S. 8. 
Bhatnagar and Pyara Lal Kapur 


The Interaction of s8-p- Gatatiniietiniiennened, 
amides with Bromine and a Note on the Effect of the 
isoButyl Group on Hydrotribromide Formation in 
1-Alkylaminobenzthiazoles.—By Robert igi 
Hunter and Edwin lKichard Parken 


Rotatory Powers of some Substituted Camphoranillic 
Acids and Camphoropheny! Imides.—By Mahan Singh 
and Rattan Chand Bhalla ote se 

Studies in Organo-arsenic Compounds. Part I.—By 
Hirendra Nath Das-Gupta 

Synthesis of Aloe-emodin.—By P. C. Mitter and Dilip- 
kumar Banerjee 

Kinetics of the Reaction aetaten Siiiaibiti and Thio- 
sulphate Ions at Great Dilutions.—By A. N. Kappanna 
and H. W. Patwardhan ra 

Chemical Examination of the Seeds of Mee sieeubdeten, 
Linn, Part I.—By Narendranath Ghatak and Ramjee 
Kaul ___.... ows ec tow ove 

Synthesis of Chromones. Part III. Condensation of 
8-Naphthol with Alkyl Acetoacetic Esters.—By 
Duhkhaharan Chakravarti “a see 

Studies in Organo-arsenic Compounds, Part Il.—By 
Hirendra Nath Das-Gupta 

Studies on the Formation of Azoxy, Azo, ‘Mates wnt 
Benzidine Compounds and the Dyes Derived from the 
Latter.—By R. N. Sen and R. Sadasivam 

Composition of Kapok Seeds.—By R. C. Malhotra 

The Oxidation of Sulphur Dioxide in the Electrodeless 

Discharge.—By Sampuran Das Mahant ... eee 
Dyes Derived from Acenaphthenequinone. Part III. 
Azines and Indigoid Vat Dyes.—By Sisir Kumar 
Guha ove ove oe ove 
Actinodaphnine. An Alkaloid from Actinodaphne 
Hookeri, Meissn.—By 8. Krishna and T. P. Ghose... 


Vv 
Page 
841 


847 


857 


363 
871 


375 


879 


418 


417 


5 





69. 


70. 


71. 


72. 


73. 


74, 


75. 


76. 


77. 


CONTENTS 


The Directive Effect of Substituents on the Cyclisation 
of Substituted s-Diarylthiocarbamides. PartI. The 
Effect of Fluoro, Iodo and Cyano Substituents on the 
Formation of Anilinobenzthiazole Derivatives from 
Mono-p-substituted Thiocarbanilides and Bromine.— 
By Robert Fergus Hunter ove 

Preparation and Properties of Highly Concentrated Sols. 
Part II. Sols of Vanadium Pentoxide, Silicic Acid 
and Molybdic Acid.—By C. Ahobalacharya and N. R. 
Dhar ave one oe iat 

Preparation and Properties of Highly Concentrated Sols. 
Part III. Sols of Zirconium Hydroxide.—By R. D. 
Sharma and N. R. Dhar 


Relation between Charge and Stability of Colloidal Solu- 
tions of Gold and Ferric Hydroxide Dialysed to 
Different Extents.—By B. N. Desai, G. M. Nabar 
and P. M. Barve 


A Study of the Interaction between Thtensl C Chloride and 
Substances Containing the Reactive Methylene (CH») 
Group. Part IV.—By K. G. Naik and V. B. Thosar 

Azlactone from 6-Aldehydocoumarin and its Condensa- 
tion with some Aromatic we Sanat Kumar 
Banerjee o 

Condensation of Chloral with 2- pails -p-toluic Acid 
and its Methyl Ether.—By A. N. Meldrum and B. M. 
Kapadia = we da 

Synthesis of 1:2: 7-Trihydroxy-5- rer © UA -8-car- 
boxylic Acid.—By Prafulla Kumar Paul 


Peroxidases. Part II. The Influence of the Concentra- 
tion of Substrate (Hydroquinone), of Hydrogen Per- 
oxide, pH and other Factors on the Activity of the 
Peroxidase of Chow Chow (Sechium edule).—By 
Biman Bihari Dey and Mayavaram Vasudeva Sitha- 


raman ows 
The Kinetics of the Action of iiitlaaee Halides 
on Epichlorhydrin—By Sobhanlal Banerjee and 
Hemendra Kumar Sen _ sie 





Page 


435 


441 


455 


468 


471 


479 


493 


499 














79. 


81. 


82. 


83. 


84. 


86. 


87. 








€9. 


CONTENTS 


Studies in Fluorenone. Part II.—By Anukul Chandra 
Sircar and Kshitish Chandra Bhattacharyya 


Studies in Heterocyclic Compounds. Part II.—By Anukul 
Chandra Sircar and Indu Bhusan Pal 


Mercuration of Compounds Containing a Reactive Methy- 
lene (CH,) Group by means of Mercuric Chloride. 
Part II.—By K. G. Naik and R. P. Patel 


The Alkaloids of Rauwolfia Serpentina, Benth. Part I.— 
By Salimuzzaman Siddiqui and Rafat Hussain 
Siddiqui 

The Formation and Stability of Polybromide Destvatives 
of Heterocyclic Compounds. Part I. The Bromi- 
nation of Diphenyl-y-thiohydantoin and its ortho- 
Tolyl Homologue.—By Mohammad Omar Farooq 
and Robert Fergus Hunter oo 

The Alkaloids of Holarrhena Antidysenterica, Part I. 
Three New Alkaloids from the Bark of Indian 
Holarrhena and New Methods of Isolation and 
Further Purification of Conessine.—By Salimuzzaman 
Siddiqui and P. Parameswaran Pillay 

Metallic Cerium in Organic Synthesis.—By —_— 
Behari Lal and Sikhibhushan Dutt 

A New Synthesis of 3:10- Dancthentiteiedneete 
berberine.—By Satyendra Nath Chakravarti, N. 
Anantha Vaidyanathan and A. Venkatasubban 

An Attempted Synthesis of Oxyprotoberberine and a 
Synthesis of 3-Methoxyoxyprotoberberine.—By 
Satyendra Nath Chakravarti and A. P. Madhavan 
Nair 

A Study of the Conductivity of Solutions of Zinc Oxide 
in Caustic Soda Solution.—By Frederick Rowland- 
son Snell oe 

Determination of Flocculation Values from Measure- 
ments of the Rate of Coagulation of an Arsenic 
Sulphide Sol.—By D. N. Ghosh 

A Preliminary Note on a New Method of Spetientites 

Benzopyrylium Compounds.—By M. N. Goswami 

and Amiya Kumar Chakravarti 






Page 


621 


527 


533 


539 


545 


553 


565 


573 


577 


583 


591 





CONTENTS 


The Fluoremetric Formula.—By K. 8. Gururaja Doss 

The Effect of Sugars on the Inhibition of the Precipitation 
of Ceric Hydroxide from a Solution of Ceric Ammonium 
Nitrate.—By M. V. Nabar and Mata Prasad 

A Comparative Study of Jute and Cotton Celluloses. ply 
J. K. Chowdhury and N. N. Basu he 

On Thioaldehydes and Thioketones. Part L—By Susil 


Kumar Mitra ons oss -20 
Studies in Acenaphthenone. Part Il. On the Reactivity 
of its ‘CH,’ Group.—By Anukul Chandra Sircar and 


M. D. Raja Gopalan 


Page 
601 


689 


Review ... she 107, 171, 415, 619 





The Early Development of Stereochemistry and 
Pasteur's Law. * 


By Bawa Kartar Sinau, M.A., Sc.D., F.I.C. 


The Chemical Society of London, founded in 1841, is the oldest 
existing society devoted to the furtherance of chemistry. In the 
earlier years of this society’s life, according to Dr. Scott’s presi- 
dential remarks of 116, it was thought sufficient for the President 
to read extracts from the report of the Council, sometimes adding 
comments on the balance sheet, which hardly filled two pages of 
the Journal. But with the passage of years, more and more was 
expected from the President until now, at each anniversary meeting, 
he is required to deliver a formal address on some subject closely 
connected with the life of the society as ‘‘ a body politic and cor- 
porate, ’’ or on some subject of more purely scientific interest, 

The Indian Chemical Society, which came into existence in 1924, 
was founded with similar aims and objects. Its anniversary 
meeting is held, in conjunction with the annual gathering of the 
Indian Science Congress, at different centres of learning with the 
express purpose of affording an opportunity to its Fellows, scattered 
all over the country, to take a more active interest in all its affairs. 
During the first seven years of its existence, both of my predecessors, 
who have occupied the chair, have set the precedent of delivering 
presidential addresses on purely scientific subjects. 

It is my intention to-day to follow this precedent, and to divide 
my address into two parts. The first of these will deal with the 
development of stereochemistry from early times. The second part 
will deal with what is known as Pasteur’s Law, and will contain 
comments on the results obtained in the chemical laboratory of 
ths Ravenshaw College, Cuttack, on the physical identity of 
enantiomers—a subject of fundamental importance in the study of 
optical activity. 

Stereochemistry is an experimental branch of the chemical 
science, and may be regarded as securely founded on the experi- 


* Presidential address delivered on the Eighth Annual General Meeting of the 
Indian Chemical Society, held on the 4th January, 1932 at Bangalore, 
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mental investigations and theoretical speculations of Pasteur, Kekulé, 
Le Bel and Van’t Hoff. Stereochemical speculations, however, 
have been prevalent in chemistry since olden times. One of the 
six schools of Hindu Philosophy—Vaisesika or Atomic Philosophy 
founded by Kanadat—deals with the atomic theory of matter. The 
whole universe and the material substances are aggregates of atoms; 
the atoms are imperishable, the aggregates perish by disintegration. 
The law of the conservation of matter follows as a necessary 
corollary from this doctrine. It is thus seen that from very early 
times in the history of science, matter was believed to be perma- 
nent}, incapable of either annihilation or of creation. 

The atomic theory of matter was revived at a much later period 
by the great classical thinkers of Greece, Leucippus and his successor 
Democritus (about 460—360 B.C.). Atoms are non-creatable, 
indestructible and non-changeable. Plato (427—347 B.C.) gave 
definite geometrical forms to this original matter and thus assigned 
to it a condition of corporal reality. 

Epicurus (8341—270 B.C.) assumed all bodies to be modifications 
of a single homogeneous primary matter. He assigned definite forms 
to the particles of matter, which was permanent, and of an unchange- 
able nature. These ideas of the early Greek philosophers were incor- 
porated by the Roman poet Titus Lucritius Carus (96—55 B.C.) in 
his poetical work, ‘‘De rerum natura’. The problem of the size, 
weight and form of the atoms was now thrown into the background 
for lack of experimental data concerning them, and the idea of a 
materia prima captivated the minds of later philosophers. So more 
than a thousand years passed sway without any advance being made 


+ According to Sir Radha Krishnan, whatever may be the date of Kanada, he is 
only a systematiser of views which have had a long growth prior to him. He does 
not believe that his atomic conceptions themselves were later than the time of 
Leucippus and Democritus (Indian Philosophy, Vol. 2, pp. 202-203). 

t Though the doctrine of the permanence of matter has been accepted from the 
times of the early Hindu and Greek thinkers, supporters of the opposite idea have 
never been wanting. In modern times, they are even found among followers of the 
‘experimental philosophy’. Sir James Jeans is a strong advocate of this opposite 
idea, and has ably summarised the evidence—astronomical and physical—in support 
of it (Nature, 1931, 128, 103). ‘The annihiliation of matter, according to the astro- 
nomical evidence, seems to be the only possible source of the energy radiated by the 
stars, and thus constitutes one of the fundamental processes of the universe. It 
must, however, be admitted that this hypothesis awaits further observational and 
experimental data for its final assessment. 
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in this direction, till we reach the seventeenth century, when the 
German chemist, Sennert, once more revives the idea that all matter 
is made up of unchangeable, elementary corpuscles. According to 
Descartes, (1596—1650), matter is characterised by dimensions, the 
ultimate particles of matter are the corpuscles, that is the smallest 
bodies which differ in form and size. Gassendi (1592—1650), a 
contemporary of Descartes, was also an active supporter of the old 
atomic theory. According to him, there is a limit to the divisibility 
of matter, and the ultimate particles of this division are called 
atoms, which possess size, form and weight. The atoms unite in 
different ways to form molecules. It appears that the conception 
of molecules is used here for the first time. 

Three chemists were largely responsible for introducing spatial 
ideas into chemistry as a mental aid. They were Glauber (1604- 
1670), Boyle (1627-1691). and Lemery (1645-1715). Glauber, a great 
chemical manipulator and an experimenter, was probably one of the 
first to point out that crystal form is a characteristic of each salt 
type, and he recommended its use as a means of chemical identi- 
fications. ! 

Boyle pictured his atoms provided with points, hooks and pores 
owing to the preference given to physiological reactions as a means 
of recognition of substances in general. The words, ‘‘sour’’, ‘‘ alka- 
line’’ and ‘‘ salty ’’ are even to-day used as qualitative attributes for 
chemical substances, being derived from the sensation of taste. 
Boyle’s definition of a salt, ‘‘ It is easily dissoluble in water, and it 
affects the palate with a savour whether good or evil’’, clearly re- 
flects the attitude of mind of the corpuscular chemists, which 
ascribed to the corpuscles or atoms, the forms of sharp and pointed 
tools from the analogy of certain mechanical effects which brought 
forth like sensations. 

Boyle in his ‘‘Sceptical Chymist’’, published in 1661, gives further 
expression to these corpuscular views thus: ‘‘ Whatever may be the 
number of elements, one may some day probably be able to demons- 
trate that they exist as indefinable particles, nevertheless begotten 
of definite form and size, and that it is the arrangement and combi- 
nation of these corpuscles which gives rise to the manifold nomber 
and varieties of bodies’’. According to him acids dissolve metals 
when the pointed particles of the first are congruous with those of 
the latter. He compares acid particles to knife blades ; same of 
these have only one end encased in a shield; in the case of others 
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both ends have been put into ashield. The existence of the two 
chlorides of mercury for instance, is accounted for in this mechanical 
fashion. 

The French chemist, Lemery, propounded his mechanistic corpus- 
cular theory in his book ‘‘ Cours de Chimie ’’, which first appeared in 
1675. This work which had been published in no less than six 
European languages exerted a profound influence for about a century 
on the theory of atoms and corpuscles. Chemical character and 
chemical reactions were determined by spatial factors, i.e., by the 
form and size of particles. ‘‘ Acidity of a fluid is due to the presence 
of pointed particles. An acid is made up of pointed components’’. 
The strength of acids was regarded as dependent upon the size and 
kind of ‘‘points’’ on the perticles. The reaction between a given acid 
and an alkali was thus a question of steric agreement or steric 
hindrance. 

Salt formation through the action of acids upon metals, such as 
silver nitrate from silver and nitric acid is according to Lemery, an 
operation in which ‘‘ the metal is penetrated and reduced to the 
form of salt by the points of the acid.’’ It is thus seen that the 
believers in the corpuscular theory of matter regarded the form of 
corpuscles as the deciding factor in differentiating different kinds of 
salts, acids, and bases. 

The great development in mechanics in the seventeenth century 
associated with the names of Galileo, Kepler and Newton exerted a 
a powerful influence, and chemists of that period were not slow in 
giving mechanical explanations of chemical phenomena. The mecha- 
nical ideas, however, did not prove quite satisfactory in explaining 
chemical phenomena. When an acid acts on a metal, the particles 
of both come into immediate contact. So far the process can be 
regarded as mechanical, but further mechanical explanation is lacking 
as to what takes place after the reacting particles of the acid and 
metal collide with one another. 

It should be mentioned that protest against these mechanistic 
explanations with the aid of points, thorns, pores, screws, clasps, 
etc., of the particles was not wanting even at that time. It was 
made by John Kunckel, the great physician, in his book, ‘‘ Labora- 
torium Chymicum ”’ (p. 133) published in 1722. 

It is, however, interesting to note that mechanics once more, in 
these days, is coming into closer relationship with chemistry. These 
newer ideas are based not on the classical mechanics of the seven- 
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teenth century, but on the modern theory of wave-mechanics or 
quantum-mechanics associated with the names of Broglie, Heisen- 
berg and Schrédinger. 

We have seen that the speculations of the seventeenth century 
had attempted to solve the question of the form of particles by means 
of a mechanistic hypothesis. The eighteenth century supplied a 
new scientific weapon, namely crystallography, in obtaining definite 
evidence concerning form itself. Two French crystallographers 
stand out as great pioneers in this development, e.g., Romé de 
l’Isle and René J. Haiiy. The latter correlated crystalline form 
and chemical composition. This early crystallographic work proved 
of great value in the succeeding century in the formulation of ideas 
regarding the spatial arrangement of atoms in the molecule. 

In 1808 Dalton published his ‘‘ New System of Chemical Philo- 
sophy ’’ and propounded fundamental concepts of great importance, 
namely, the atomic theory and the laws of chemical combination. In 
the same year Wollaston ? introduced spatial ideas about atoms. He 
says ‘‘ We shall find that the arithmetical relation alone will not be 
sufficient to explain their mutual action, and we shall be obliged to 
acquire @ geometrical conception of their relative arrangement in 
all three dimensions of solid extension’. The molecular theory 
developed by Ampére and Avogadro in conjunction with crvstallo- 


graphy, was instrumental in extending these ideas of spatial arrange- 


ment of atoms. The association of the idea of a spatial environment 
with the structure of an organic mclecule began to be more com- 
monly accepted as a mental picture as is seen in Laurent’s kernel 
theory (1837). It was based on Haiiy’s theory of crystal structure. 
L.eopold Gmelin * deserves much credit for giving us for the first 
time, aclear account of stereochemical conceptions. He directed 
attention to the idea of relative position of atoms in the molecule, 
us this may lead us to arrive at a proper conception of the constitu- 
tion of organic compounds. 

The discovery of the Law of Isomorphism by E. Mitscherlich 4 
in 1819 ‘‘Crystal form is independent of the chemical nature of atoms 
and is determined only by the number and relative position of the 
atoms’’ was of very great assistance in fixing the relative atomic 
weights of elements, and thus gave great stimulus to the develop- 
ment of the Atomic Theory. The discovery of the phenemenon of 
isomerism by Gay-Lussac * soon after—according to which subs- 
tances may exist which have the same composition, but which may 
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be different physically and chemically—proved to be of immense 
value in the evolution of the theory of molecular structure of organic 
compounds. The synthesis of urea from ammonium cyanate by 
Wohler in 1828—the first classical example of an organic product 
built up in the laboratory—broke down the distinction of a ‘vital 
force’ in the chemistry of living and non-living matter. This is also 
one of the earliest examples of a pair of isomeric substances. Rapid 
strides which were now made in organic synthesis led to a remark- 
able increase in the number of isomeric compounds. The older 
theories of structure were found to be inadequate to accomodate all 
this new knowledge of isomeric phenomena, and led Kekulé in 1858 
to propound his theory of molecular structure, based on the hypothe- 
sis of valency and the law of linking of atoms. As is often the case in 
the history of this subject, this great development was brought about 
by Kekulé when he was only 29 years old. The circumstances under 
which he got the inspiration are recorded by him in a speech °“ 
before the German Chemical Society. ‘‘ One fine summer evening I 
was returning by the last omnibus, ‘outside’ as usual, through the 
deserted streets of the metropolis (London), which are at other times 
so full of life. I fell into a reverie (Traiimerie), and lo, the atoms 
were gambolling before my eyes. Whenever, hitherto, these dimi- 
nutive beings had appeared to me, they had always been in motion ; 
but up to that time, I had never been able to discern the nature of 
their motion. Now, however, I saw how, frequently two smaller 
_ atoms united to form a pair ; how a larger one even embraced two 
smaller ones ; how still larger ones kept held of three or even four 
of the smaller ; whilst the whole kept whirling in a giddy dance’’. 
As a result of the great advance made by Kekulé, the conception of 
molecular constitution followed as a necessary corollary of this new 
doctrine, and led to clearer ideas about the constitution of chemical 
compounds by means of their graphic formulae. The theoretical 
scheme of Kekulé proved, however, insufficient to embrace all the 
known facts, until in 1874, Van’t Hoff and Le Bel, independently 
demonstrated the all important part which molecular configuration 
plays in the interpretation of certain cases of isomerism in organic 
chemistry. The evolution of the theory of molecular structure into 
that of molecular configuration was brought about by the discovery of 
two pairs of acids, which were destined to play an important part in 
the development of stereochemical ideas, namely, racemic acid (Gay- 
Lussac, 1826) isomeric with tartaric acid, and lactic acid (Scheele, 
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1780) isomeric with paralactic acid or sarcolactic acid. This advance 
is due to the crystallographic investigations of Pasteur (1848-1860) 
on the first pair of acids and their salts, Previous to this in 1841 de 
La Provostaye had carefully determined the crystal forms of tartaric 
and racemic acids and their salts. Mitscherlich in 18-4 published 
the results of his crystallographic examination of the sodium-ammo- 
nium salts of racemic and tartaric acids, stating that these double 
salts ‘‘have the same chemical composition, same crystalline form 
and angles, identical specific weights and double refraction, in conse- 
quence of which their axes form the same angles. Their aqueous 
solutions have the same refraction. However, the dissolved tartrate 
rotates the plane of polarised light, whereas the other is indifferent, 
a fact which had previonsly been noted for this whole series of salts 
by Biot’’. ‘‘But’’, continues Mitscherlich, ‘‘the nature and the num- 
ber of atoms, their arrangement and their distance from one another 
are the same in both bodies’’ ®, This conclusion, at the time of 
its publication, especially concerned Pasteur who was then only 22 
years old, and was still studying at the Ecole Normale, and four 
years later acted as a stimulus for a whole series of new experimental 
and theoretical investigations. But the course of development of 
Pasteur’s ideas, culminating in his theory of Molecular Dissymmetry, 
is logical and is yet another instance which illustrates that the pro- 
gress of chemistry has been mainly achieved as the result of the co- 
ordination of observed facts with a series of hypotheses, each closely 
related in point of time to the one preceding it. It also shows the 
truth of the remarks of Laplace, ‘‘The essence of a discovery lies in 
the combination of ideas that are fit for combination, and that were 
hitherto isolated.’’ An account of this development of ideas has 
been left to us by Pasteur in his two famous lectures 7, ‘‘Concern- 
ing the asymmetry of naturally occurring organic compounds,’’ deli- 
vered before the Chemical Society of Paris in 1860. His theory of 
molecular asymmetry is the foundation on which modern stereo- 
chemistry rests. At the time of bis researches, the theory of mole- 
cular structure of Kekulé* had not come into existence. It was, 


* The lack of this knowledge is reflected in an error, which Pasteur made in con- 
nection with his researches on malic acid. He erroneously concluded that every 
asymmetric substance must exist in four different forms (Lectures on molecular dis- 
symmetry, 1860). The number of isomeric forms into which an asymmetric molecule 
may exist, cannot always be predicted without a knowledge of its structural formula, 
which was, however, unknown at that time. Even this error led him to discover the 
fourth tartaric acid, namely, the meso, the internally compensated variety. 
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therefore, not possible to depict structurally the organic compounds 
by the graphical representation of atomic linkage, and even the two 
dimensional formulae, limited as they are as a true picture of the 
molecule, were unknown at that time. His studies on the influence 
of molecular asymmetry of natural organic products on living matter 
is the direct outcome of his early crystallographic work, and is a most 
surprising chapter of stereochemistry,’’ ‘‘which,’’ he says, ‘‘ opens 
up a new, distant, but definite horizon for physiology.”’ 

We should now revert to consider this early development of 
ideas in the mind of Pasteur and follow closely his line of thought. 
Haiiy and Weiss recognised the occurrence of hemihedral faces upon 
quartz and that these faces in certain individuals lay to the right 
and in others to the left. Biot (1813) had found that quartz crystals 
could be divided into two groups as regards their behaviour towards 
polarised light ; one turned the plane of polarised light to the right, 
the other to the left, but to an equal extent. Two years later he 
discovered that organic liquids (oil of turpentine) and aqueous solu- 
tions of tartaric acid and sugar also possess optical activity. Biot 
further showed in 1817 that matter in the gaseous state also exhibited 
this property, as in the case of the vapour of turpentine. The pro- 
perty of optical activity is thus exhibited by matter in all the three 
states of aggregation, solid, liquid and gaseous. Herschel! subse- 
quently (1820) correlated these hitherto isolated facts by suggesting 
a connection between the crystal form and optical rotation; and the 
thought was fully confirmed by experiment in that those quartz crys- 
tals with right hemihedral faces turned the plane of polarised light to 
the right and those with left hemihedral faces turned the plane of pola- 
rised light to the left. Thus a fruitful relation between hemihedrism 
and optical rotation of crystalline substances (such as quartz, etc.) was 
discovered. Pasteur, at the outset of his brilliant scientifiic career 
repeated the previously mentioned investigation of de La Provostaye 
on the crystal form of tartaric acid, racemic acid and their salts. He 
discovered something which had been overlooked by the great 
physicist, namely that all crystals of the tartrate possessed hemihedral 
faces, and correlated this hemihedrism of the tartrates with the 
previous observations of Biot on their optical activity. He thus 
established the same kind of parallelism between hemihedrism and 
optical rotation for tartaric acid and tartrates, both in the crystalline 
state and in solution, as had previously been found by Herschell 
for quartz. Pasteur further investigated the crystal form of racemic 
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acid which showed no hemihedrism, and it had been shown by Biot 
that aqueous solution of this acid was inactive towards polarised 
light. In this way his first idea of a possible connection between the 
hemihedrism of the tartrates and their optical activity was converted 
into one of certainty, so faras Pasteur was concerned. But how 
were these facts to be brought into harmony with the previously 
mentioned observations of Mitscherlich, who had found in 1844 that 
the crystal forms of the sodium-ammonium salts of racemic and tarta- 
ric acids were completely identical? Pasteur, at once concluded that 
Mitscherlich had erred in one point. Apparently he had failed to 
observe that the double salt of tartaric acid is hemihedral, while that 
gf racemic acid is not. In order to clear up this point, Pasteur 
repeated this work on the crystalline form of both of Mitscherlich’s 
salts with the utmost care. He observed that the double salt of 
racemic acid crystallised with hemihedral faces, some of which were 
oriented to the right, others to the left. The two types of crystals 
were separated from one another, and their aqueous solutions of 
equal concentration were examined in the polarimeter. He then 
found with no less surprise than pleasure, that the solution of the salt 
with right hemihedral faces was dextro-rotatory, and that of the salt 
with left hemihedral character was laevo-rotatory to an equal extent, 
further, on mixing these two solutions, optical activity disappeared. 
The emotions which must have stirred the mind of the young inves- 
tigator were so great that he was unable toremain at the polari- 
meter, These experiments were later repeated by Pasteur in the 
presence of Biot, and an account of the dramatic scene which ensued 
had been left on record by Pasteur himself *. The illustrious old 
physicist was visibly moved so much that he seized Pasteur’s hand 
and exclaimed: ‘‘My dear child, I have all my life so loved this 
science that I can hear my heart beat for joy’’. The correct 
explanation of these facts was given by Pasteur: on crystallising the 
optically inactive sodium-ammonium racemate, the salt must have 
separated into its dextro-and laevo-rotatory components. The deztro- 
and laevo-tartaric acids were obtained from the optically active salts 
in a pure state, and possessed equal and opposite rotation. When a 
mixture of equal weights of the two acids was crystallised, the pro- 
duct was identical with racemic acid. Pasteur’s acute judgment 
atonce led him to conclude that the molecules of the two tartaric 
acids were the same in composition and structure, differing in spatial 
arrangement such that one was the enantiomorph of the other. This 


2 
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would be the case only, if their configurations were tridimensional, 
and were related to one another as an object is to its non-superposa- 
ble mirror image, owing to the existence of ‘‘molecular dissymmetry’’. 
This view is altogether correct; itis of more universal application 
than the later view of Le Bel and Van’t Hoff. Whenever the molecular 
configuration is such that it is different from its mirror image there is 
a possible isomerism in which the two isomers are related to one 
another as the right hand is to the left. In the solid state they show 
enantiomorphic crystals, and in solution opposite optical activity. 

The above mentioned work on sodium-ammonium racemate en- 
abled Pasteur to discover the first of his classical methods for the 
resolution of racemic substances into their optical antipodes. The 
second, salt formation by means of optically active bases, and subse- 
quent fractional crystallisation, followed in 1853. The third method$, 

involving the destruction of one of the active forms by means of 
micro-organisms, was discovered in 1858. 

As it is already pointed out, the theory of Kekulé had not yet been 
propounded, and therefore, it was not possible for Pasteur to point out 
more precisely the spatial arrangement of the atoms in the molecules. 
The insufficiency of two-dimensional formulae of Kekulé was gradu- 
ally being recognised, and other suggestions of three-dimensional 
models of molecules were now forthcoming. Butlerow deserves 
special mention in this connection. He thus wrote in 1862, ‘ Let 
us take a simple example, and assuming that all four valency units 
of tatravalent carbon are different, let us give it the form of a tetra- 
hedron, where each of the four surfaces may combine with one 
equivalent of hydrogen.’’? In 1863 he was even more decisive 
with the idea of spatial arrangement, when he said!°, ‘* If atoms 
really exist, I cannot see why all attempts at determining their spa- 
tial arrangement are useless, as Kolbe would have us believe. Why 
should not the future teach us how to make such determinations ?’’ 
Even Kekulé, the inventor of two-dimentional formulae was not 
unaware of spatial models, when he said, ‘‘ The incompleteness of 
the older models may be avoided, if the four valencies of carbon 
instead of being represented in a plane, are directed along the axes 
of a hexahedron starting from the atomic sphere itself and ending 
in the planes of a tetrahedron.’’!! In 1869 several chemists put 
forward spatial ideas. Tadenburg’s prism formula for benzene !2 
and its representation by six tetrahedrons by Rosentiehl clearly in- 
volved spatial considerations, Wislicenus’ work on the three modifi- 
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cations of lactic acid, which could not be explained on the two-dimen- 
sional formulae of Kekulé, forced him to write thus in this connection: 
‘* The facts compel us to explain the difference between isomeric 
molecules possessing the same structural formula by the different 
arrangement of their atoms in space.’’!* 

These ideas of spatial arrangement of the atoms in a molecule 
had taken definite hold of the mind of Van’t Hoff, who was then 
only 22 years old. He gave them a mathematical form in his small 
pamphlet '°*, published in Dutch in September, 1874. A mere 
detailed account of this work appeared in the following year, in the 
French language, under the title: ‘‘ La chimie dans |’espace.”’ 
The circumstances, under whlch the discovery of the idea of the 
asymmetric carbon atom were made, are thus given by Vant Hoff 
in 1904: ‘‘ At that time (1873) I had been studying Wislicenus’ 
paper on the lactic acids at the University of Utrecht, and when 
about half way through the article, I decided to stop my work, and 
take a walk. It was during this walk, under the influence of fresh 
air, that the idea of an asymmetric carbon atom occurred to 
me.”” 

At about the same time (November, 1874) Le Bel !* published 
independently similar views on molecular symmetry and optical 
rotation. The conceptions of the two young investigators were not 
quite the same. Van’t Hoff based his theory on Kekulé’s law of 
the quadrivalency of carbon with the added hypothesis of the tetra- 
hedral environment of the four valencies of the carbon atom. Le 
Bel’s starting point was the researches of Pasteur. 

The Le Bel-Van’t Hoff theory of the asymmetric carbon atom may, 
be briefly stated thus: If a molecule contains a carbon atom linked 
to four different substituents, the spatial distribution around the 
atom becomes asymmetrical, and this may be effected in two 
different ways, the one being the non-superposable mirror image of 
the other. The conception of the asymmetric carbon atom involves 
the idea of the ‘‘ chemical contrast ’’ between the substituents as 
well as their dissymmetric spatial arrangement. 

The doctrine of the asymmetric atom has done great service in 
the development of stereochemistry '**. It is a useful guide in 
deciding whether an optically inactive substance can be resolved into 
its optically active components. In this way, elements other than 
carbon were shown to furnish optically active substances in which the 
enantiomorphism is associated with the presence of an asymmetric 
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sulphur '°, selenium !°, tin 17, silicon 18, boron !°, nitrogen 2°, or 
phosphorus atom 2?. 

We may now cite cases to illustrate the inadequacy of the theory 
of the asymmetric atom by showing that the presence of such an 
atom in a molecule is not always a necessary condition for the 
occurrence of enantiomorpbously related isomers. These cases include 
the complex metal compounds of Werner 22, Berylliobenzoylpyruvic 
acid of Mills 2°, potassium disalicyloborate of Boéseken 2+, 1-me- 
thyleyclohexylidine-4-acetic acid of Pope, Perkin and Wallach 2°, 
6 :6’-dinitrodiphenic acid and other compounds of the dipheny! series 
of Kenner ?®, and a derivative of 8-nitro-l-naphthylamine of 
Mills 27: 

“m Ro 
ON \y~ 


QO 


(in which R, =C,H,SOg-and Rg= -CH,*COOH). 
Another class of molecularly dissymmetric substances is formed 
by spirocyclic carbon compounds of the type 


b 
“\ 7 
| C 
b% Na 
The first substance of this kind to be investigated was the 


ketodilactone of benzophenone-2 : 4 : 2! : 4’-tetracarboxylic acid 28, 
COoO—— O 


ws _ J Sco H 
ee 
O—-CO 
and this was followed by another representative of this class, namely. 
bisdihydrocarbostyril-3 : 3/-spirane-6 : 6/-disulphonic acid 284, 
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A number of compounds of 3 co-valent sulphur obtained by 
Phillips 2°, which belong to the sulphonic esters, 
R 1—S—OEt R,—S—R, 


¥ , the sulphoxides ¥ , and the sulphilimines 
oO O 


R,—S—Re 
. are of very great interest, as the molecular dissymm- 
N’SO,R 
etry of this group of compounds is brought about by only three 
radicles attached to the central atom. 

In all cases, these compounds have been separated into their 
optically active antimers. Itis thus evident that the Le Bel-Van’t 
Hoff idea is only a very special case covered by Pasteur’s more 
universal priaciple. It applies only to the case, not even a simple 
one, in which on account of the wholly asymmetric spatial distribu- 
tion around one of the atoms, the molecule lacks all symmetry. 
The conception of Pasteur, however, covers all cases; those in 
which it is possible to single out an asymmetric atom, and others 
where molecule does not contain such an asymmetric atom, but 
possesses enantiomorphous molecular configuration brought about 
by a dissymmetric distribution in space even by identical substituents. 
The ‘‘ chemical contrast’’ between the substituents involved in the 
Le Bel-Van’t Hoff hypothesis is not absolutely necessary, It is 
possible for the molecule as a whole to show a non-superposable 
symmetry of its configuration, even if the substituents of the complex 
are identical. The remarkable series of optically active co-ordination 
compounds of the metals of which triethylenediamine cobaltic chlo- 
ride [Co”(en); ]Cl, and potassium chrome oxalate [Cr/’(C,0,),]K; 
of Werner 2? are examples, form a class of substances in which the 
molecular dissymmetry is associated with very great degree of 
symmetry of chemical constitution brought about by identical 
substituents. 


Pasteur’s Law: The Absolute Identity of the Physical and 
Chemical Properties of Enantiomers. 


As already mentioned, Pasteur through his brilliant researches 
on racemic and tartaric acids discovered the special isomeric 
relations of the molecules of the same structural formula which 
are related to each other as an object is to its non-superposable 
mirror image. Though the great French Savant was not able 
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to indicate the precise spatial arrangement of the atom in the 
molecule, he, at once, realised that hisepoch making discovery 
made it absolutely necessary to recognise the fact that any wholly 
successful representation of the organic molecule must be extended 
in tri-dimensional space. He significantly asks, ‘‘ Are the atoms of 
the dextro acid arranged in the form of a right-handed spiral, or are 
they situated at the corners of an irregular tetrahedron, or do they 
have some other asymmetric grouping? This we do not know. But 
without doubt the atoms possess an asymmetric arrangement like 
that of an object and its reflected image ’’ ”. 

The Identity of Chemical Properties.—In this way, Pasteur was 
able to classify organic compounds into two great groups; symmetri- 
cal compounds with enantiomorphous reflected images. He showed 
that the identity of chemical properties in the case of enantiomor- 
phous eompounds, like the two tartaric acids and their deriva- 
tives, persists so long as they are brought together with bodies of 
the first category, ¢.g., potassium hydroxide, sodium hydroxide, 
ammonia, alcohols and ethers; in short with all bodies without 
asymmetry. With such bodies which are devoid of asymmetry, the 
enantiomorphous forms do not affect the action of chemical affinity, * 

On the other hand, if they are subjected to the action of bodies of 
the second class, which are themselves asymmetric, then the two 
products which are formed no longer identical in their properties. 
They differ in solubility, crystalline form, specific gravity, and the 
amount of water of crystallisation, since they are no longer enantio- 
morphous, and may differ from one another quite as much as the 
most distantly related isomers. It is thus seen that molecular 
asymmetry may alter the action of chemical affinity. It will be seen 
that Pasteur discovered his second methcd (salt formation) of resolu- 
tion of racemic compounds into their optically active components as 
the result of his theoretical speculations and the above mentioned 
close reasoning into the nature of molecular dissymmetry. It was 
not due to any chance occurrence, as is the case with his first 
(spontaneous crystallisation) and third (biochemical) method. 

The Physical Identity of Enantiomers.—According to Pasteur’s 
principle of molecular dissymmetry, enantiomorphous molecular 


* The velocity constant of mutarotation of the d-and-l-oxymethylenecamphor ia 
benzene solution is practically identical (Singh and Bhaduri, J. Indian Chem. Soc.. 
1930, 7, 771). This shows that the enantiomers are identical as regards the rate of 
chemical change involved in the process of mutarotation. 
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configurations must possess the same total energy. They muat 
show similar mechanical stability, and, therefore, have an equal 
chance of being produced. They must also possess the same 
scalar properties, such as density, crystal lustre, solubility, re- 
fraction, dispersion. But they must differ in these physical 
properties, which are of the directional (vectorial) nature, such 
as, for example, direction of rotation of the plane of polarisation 
of polarised light, unsymmetrical distribution of the hemihedral 
facets in their crystal forms, and also in the enatiomorphous 
distribution of pyro- and piezo-electrical polarity. The magnitude 
of these vectorial properties is, however, identical for the enan- 
tiomorphous forms. These results follow from classical mechanics. 
On the other hand, according to wave-mechanics *°, the deztro- 
and laevo-forms of a compound differ in energy and in rotatory 
power, although perhaps only to a very slight extent. The two views 
thus lead to different results. In support of the view derived from 
wave-mechanics, slight but distinct differences are alleged to exist 
in the rotatory power and other physical properties of the deztro- 
and laevo-forms of mandelic and camphoric acids *!. But Past- 
eur’s Law of Molecular Dissymmetry is too fundamental to be dis- 
missed by a few isolated observations ; the discrepancies in these 
cases may very well be due to some impurities in the substances 
examined. It seems impossible that the d- and l-forms of a com- 
vound could be other than an object and its non-superposable exact 
mirror-image, agreeing precisely in every detail of structure and 
of properties, except those of a vectorial nature, which differ in 
sign, but otherwise identical in the numerical magnitude in all 
cases. Moreover it must be borne in mind that the wave-mechanics 
of rotatory polarisation is, at present, in a rather unsatisfactory 
condition. 

With the object of testing the validity of Pasteur’s Law as regards 
the equality in the numerical value of the rotatory power of the 
opposite active forms, an extended series of investigations on the 
rotatory dispersion of enantiomorphous forms was undertaken in 
1926. The first paper on this subject was published in 1930, and 
since then seven communications *? have appeared in our Journal 
and in the Transactions of the Faraday Society. An equal number 
of papers dealing with this subject and other aspects of the problem 
still awaits publication. The compounds, which have been exa- 
mined, belong to the aryl derivatives of iminocamphor, amino- 
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camphor, aminomethylenecamphor, and the corresponding bis deri- 
vatives of the following types (I-VI): 


CH'NHR C=CH'NHR 
Ostia | Osi | 
=O =O 
(II) (III) 
(R=a monovalent radicle). 
C=N— X’—N=C 
CoH C | | >exHis 
C=0 O=C 
(LV) 
CH'NH — X”—NH'CH=C. 
CoH | | » 


(V) 


sHi, 


C= CH—NH—X’—NH—CH= _o 


sHi, 


4 
wen o=c7 


(V1) 


(X”=a divalent radicle). 


The rotatory powers of the d- and /-forms have been examined in six 
solvents for about eight wave-lengtns in the visible region of the 


spectrum (A 6708 to 4858A.U.) et 35° and at almost identical con- 
centrations. Out of about 1600 observations on the rotatory power 
which have been recorded *? and those which still await publica- 
tion, the differences in the specific rotatory power of the deztro and 
laevo forms correspond to a difference which is within 0°01° in the 
observed angle of rotation in 80 per cent. cases, between 0°01° and 
0°02° in 17 per cent. cases, between 0°02° and 0°03° in 2°5 per cent. 
cases, and between 0°03° and 0°04° in the remaining one half per 
cent. cases, the maximum deviation allowable in such observations 
being 0°02° in the observed angle of rotation. The three per cent. 
cases, in which the differences are slightly greater than the maxi- 
mum allowable deviation (0°02°) for certain wave-length, give values 
for rotatory power for other wave-lengths, which are within this 
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maximum error. This shows that these deviations are of the nature 
of casual experimental errors. By way of illustration, the rotatory 
dispersion of the d- and I-forms of aminomethylenecamphor °° is 
given in Table I. 


TABLE I, 
Aminomethylenecamphor. 
t=35°; l=2dem.; solvent = pyridine. 


Concentration (g. in 100 ¢.c.) of d-form=3°0016, 
conan ,, l-form=3°0024, 


difference in 
[a] of 
d- and |-forms. 


Cdsosg . —0°3° 
Ags209 26°35 . +0°1 
Hgsuei 22°96 ‘ —-O14 


Hegsz7s0 19°58 —0°05 19°59 


Nasgg3 18°61 309°9 +0°4 18°60 309°5 


Ligios 16°93 2821 -0'1 16°94 282°2 
Cease 14°74 245°5 -0'1 14°75 245°6 
Ligres 13°32 221°9 + 0°05 13°32 221°85 


The recent observations of Darmois ** on the rotatory power of the 
d- and l- forms of the complex ammonium salts of molybdic and 
malic acids of the formula [4 MoO;, 2 C,H,O;] (NH,),+5 H,O, 
for mercury green light, show that the observed angles of rotation do 
not differ by more than 1 part in 1000 parts. This is also the accu- 
racy attained with aminomethylenecamphors (‘Table I). 

These results clearly support Pasteur’s principle of molecular 
dissymmetry, according to which the d- and l- forms are represented 
as true mirror images of one another, differing in sign, but absolutely 
identical in the numerical value of the rotatory power. 

In conclusion, I wish to make an observation, which may serve 
to inspire and encourage younger chemists. It is this: on no 
account are they to be deterred from making bold speculations and 
experiments in fields which have already been trodden by more 
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experienced and older workers. It often happens that the latter 
have lost that plasticity of mind, which alone can produce or receive 
fruitful ideas. ‘The account of the evolution of the theories of mole- 
cular configuration of organic compounds, which I have attempted 
to-day, shows that this subject has been exclusively developed, so far 
as fundamental concepts are concerned, by yoong men, at the very 
threshold of their career—Pasteur, Kekulé, Van’t Hoff and Le Bel. 


(1) 
(2) 
(3) 


(4) 
(5) 
(5 a) 
(6) 


(7) 


(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(13 a) 
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On a Test of the Rival Theories of Active Nitrogen. 


By B. D. Cuaasra ann H .R. Lutara, 


The excitation of the so-called forbidden lines has of late aroused 
considerable interest. Success in such experiments has however 
been rare with atoms of low atomic weight. The experiments des- 
cribed in the following pages were undertaken to obtain the forbidden 
lines of sulphur. The arguments which justified the procedure 
adopted in this investigation may be briefly described as follows: 
When a condensed electric discharge is passed through nitrogen 
streaming in a tube, the gases which come out continue to glow with 
a golden yellow colour (Lewis, Astrophys. J., 1904, 20, 49). 
The exact nature of this after-glow (also called ‘active nitrogen’) is 
not even now fully understood. 

Birge (Nature, 1924, 124, 642) assumes the existence of a metasta- 
ble molecule with an energy content of about 14 volts. On collision 
(of the second kind) with an atom of another element it gives up its 
energy and the latter in turn becomes luminescent giving out its 
characteristic lines (Klein and Rosseland, Zeitsch. Physik, 1921, 
4, 46). 

Sponer (Z. Physik., 1925, 34, 622) studied the spectrum of nitro- 
gen and active nitrogen, and basing her arguments on the anaysis of 
the band spectrum of nitrogen, previously carried out by Birgle (Na- 
tional Research Council Bulletin, No. 57, 244) showed that the spec- 
trum of active nitrogen consists of a few selected bands of nitrogen 
and that the strongest bands of active nitrogen correspond to vibra- 
tional quantum number n=11, of an electronic state of No which he 
calls ‘B’. Assuming that the non-polar nitrogen molecule breaks up 
into its constituent unexcited atoms under the action of a condensed 
discharge, and gives rise to the phenomenon of active nitrogen, we 
get from this hypothesis the disssoiation potential of nitrogen as 11°4 
volts. The long life of active nitrogen is inconsistent with the idea 
that the chances of the two atoms directly combining to form a 
molecule are very remote, for in this case the laws of conservation of 
energy and momentum would not be satisfied. 
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Some fresh light on the subject has recently been thrown by the 
investigations of Compton and Boyce (Physical Rev., 1929, ii, 88, 145) 
on the analysis of the arc spectrum of nitrogen in the Schumann 
region and the excitation of the auroral green line A 5877 by Kaplan 
(Nature, 1928, 121, 711) by a rather interesting method. Kaplan (loc. 
cit.) photographed the spectrum of active nitrogen formed from a mix- 
ture of 96 p. c. nitrogen and 4 p. c. oxygen and observed the auroral 
line. He explained its presence by postulating the presence of meta- 
stable atoms of nitrogen loaded to an energy of 2°87 and 3°56 volts. 
The presence of these metastable levels in the spectrum of nitrogen 
was indicated by the work of Compton and Boyee (loc. cit.) and Kaplan 
suggested that since the auroral green line was a forbidden line of 
oxygen atom and required about 3 volts for its excitation, it could be 
developed only under very special conditions. The nitrogen atoms 
in th: after-glow which are loaded with a restricted amount of energy 
are very favourable for its production. This hypothesis by Kaplan 
(loc. cit.) is extremely interesting but evidently needs further experi- 
mental support. 

The most stable configuration of the oxygen-like atoms gives rise 
to §Py, 1, g-. 'Dg and 'S, terms. The *P terms were obtained by 
Hopfield (Physical Rev., 1927, ii, 29, 924) and the singlet terms for 
oxygen have recently been identified by Frerichs (Physical Rev., 
1929, ii, 34, 1239) and he has conclusively shown that the auroral 
green line corresponds to 'D—>'S transition. 

In the course of an investigation of the spectra of selenium and 
tellurium, McLennan and Crawford (Nature, 1929, 124, 874) were 
able to identify the 'D—>'S transitions for selenium and tellurium 


at 7247°5 A and 7909°2 A. (The recent work of Bowen on the spec- 
tra of nebulae makes it clear that the so-called metastable states are 
nothing but states of long mean life and provided that the gases 
involved are at sufficiently low pressure, one may expect emission of 
radiation corresponding to transitions between the levels ordinarily 
designated as metastable. In such transitions, it will be noted that 
the azimuthal quantum number selection rules must necessarily be 


violated). 


The line A 6300 A would require for its excitation an amount of 
nearly the same value as in oxygen. We should therefore be able to 
excite this line also by the collisions of metastable nitrogen atoms in 
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the active nitrogen with sulphur atoms. Such an experiment, if 
successful, would not only enable us to locate the exact value of the 
metastable levels in sulphur and incidentally help us in understanding 
the structure of the spectrum of sulphur in the Schumann region, but 
would also provide a convincing test of Kaplan’s theory of active 
nitrogen. 


EXPERIMENTAL. 


The apparatus employed was practically the same as used by 
Kichlu and Acharya (Proc. Roy. Soc., 1929, A, 128, 168) and in fact 
similar to that used by most of the investigators on this subject. The 
nitrogen was taken from a commercial cylinder of compressed gas. 
It was purified from oxygen and water vapour by passing it over 
sticks of yellow phosphorus and through tubes containing calcium 
chloride and phosphorus pentoxide. 








i 


a Suit 


‘ 








Fie. 1. 


The form of the discharge tube used is shown in 
Fig. 1. A condensed discharge was passed between the elec- 
trodes e, and eg. The direction in which the gas flows is indicated 
by arrow-heads. The active nitrogen was developed in the tube and 
was easily recognised by its golden yellow colour. The tube S con- 
tained powdered sulphur, which was heated to its boiling point by 
passing a suitable current through a nichrome wire coil surrounding 
the tube 8S. The tube G was also heated similarly to maintain the 
sulphur in vapourous state, thus ensuring the complete interaction 
of active nitrogen and sulphur vapour. The position of the slit of 
the spectrometer is also shown in the figure. The spectrometer 
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used was “‘higher constant deviation glass-prism spectrometer’’ an] 
Ilford special rapid panchromatic plates were used for photograpl:y 
in the region. 


Results. 


When there was no sulphur in the tube 8, the active nitrogen 
filled the tube G entirely with a golden yellow glow. When, how- 
ever, sulphur was heated, the tube G was filled with a faint bluish 
glow, and active nitrogen was faintly visible only in the bend of 
the discharge tube. The photographs of the spectrum of the bluish 


glow mentioned above do not show the line A 6300A which is to be 
expected on Kaplan’s theory of active nitrogen. It is possible that 
the forbidden lines of sulphur are not so easily excited by this method 
as those of oxygen, although the two are in the same group. We 
are led to think that Kaplan's postulate regarding the nature of 
active nitrogen requires further experimental support for its accept- 
ance, 

We are very thankful to Professor J. B. Seth and Dr. P. K. 
Kichlu for the keen interest they have been taking in the experiments 
described in this paper. 
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Synthesis of Chromones. Part I. Condensation 
of Halogenated Phenols and Cresols 
with Alkyl Acetoacetic Esters. 


By Dvu#kKHAHARAN CHAKRAVARTI. 


It has been shown by the author (J. Indian Chem. Soc., 1981, 8, 
129, 407) that polyhydroxy phenols and a-naphthol readily react 
with ethyl acetoacetates in presence of sulphuric acid or phosphorus 
pentoxide to give 1:2-pyrones or coumarins, the latter conden- 
sing agent not favouring the formation of 1:4-pyrones or chromones 
in those cases, as was expected from the experiments of Simonis and 
his collaborators (Ber., 1913, 46, 2015; 1914, 47, 697, 2229; 1917, 60, 
1142). The formation of coumarins with these phenols is instanta- 
neous and is so general that it is difficult to change the course of the 
reaction even in the case of resorcinol-dimethylether which gives 7- 
methoxy-4-methylcoumarin with the elimination of the methoxy 
group. 

A perusal of the literature shows that the phenols differ greatly 
in their degree of readiness to form coumarins using sulphuric acid 
acecrding to Pechmann. Of the cresols, while o-cresol does not 
react at all, m-cresol reacts most readily and the yield of the couma- 
rin from p-cresol is not bad. The halogenated phenols respond to 
this reaction with reluctance, only traces of coumarins being formed 
(Clayton, J. Chem. Soc., 1908, 93, 2018). It is however possible to 
change the course of this reaction with these phenols by the appli- 
cation of Simonis method using phosphorus pentoxide which yields 
chromones. In order to study the effect of substituents in ethyl 
acetoacetate on this reaction, the cresols and the halogenated 
phenols have been condensed with unsubstituted and substituted 
ethyl acetoacetates (the a-substituents being methyl, ethyl, propyl, 
isopropyl, ‘sobutyl) with interesting results. 

The halogenated phenols (0-, p-chloro- and o-, p-bromophenols) 
are by far the best in giving a comparatively good yield of the 
chromones but the generalisation made by Simonis, that the o-sub- 
stituted phenols give a better yield, seems to be unwarranted, The 
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effect of the substituents in the acetoacetic ester molecule is not 
very marked in diminishing or increasing the yield, all giving 
chromones except ethyl-a-isobutylacetoacetate which gave resinous 
product from which nothing could be isolated. In the case of cresols 
it is found that o-cresol forms chromones with the alkyl acetoacetic 
esters with comparatively good yield ; p-cresol gives a chromone 
when condensed with ethyl-a-methylacetoacetate but when the 
substituetns are ethyl, propyl! or isopropyl, no product can be 
isolated ; m-cresol gives a coumarin with unsubstituted acetoacetic 
ester using both sulphuric acid and phosphorus pentoxide, but 
with ethyl-a-methylacetoacetate m-cresol gives a coumarin in poor 
yield using sulphuric acid (Kolestermann and Fries, Annalen, 1:08, 
362, 8) and a chromone using phosphorus pentoxide (Petschek and 
Simonis, Ber., 1913, 46, 2014). 

Simonis depended mainly on hydrolytic decomposition to 
establish the chromone structure of the compounds prepared by 
him ; this often leads however to erroneous results (cf, Baker, J. 
Chem. Soc., 1925, 127, 2349) and in®some cases, Simonis himself 
could not come to definite conclusion due to unsatisfactory hydroly- 
sis. The chromone structure of all the compounds described here 
have been established by their condensation with aldehydes in 
presence of sodium ethoxide to form styrene derivatives. The 
chromones formed by the condensation of phenols with alkyl aceto- 
acetic esters always contain a reactive methyl group in 2-position 
(cf. Heilbron, Barnes and Morton, J. Chem. Soc,, 1923, 128, 2569) 
and are thus easily distinguished from 4-methylcoumarines as was 
previosuly pointed out by the author (J. Indian Chem, Soc., 1931, 8, 
131). The present investigation also proves that the reactivity of 
the 2-methyl group is not in any way influenced by the presence of 
a group (Cl, Br, or CH;) in the benzene nucleus as is supposed by 
Heilbron and others. 


EXPERIMENTAL. 


General Method of the Preparation of the Halogenated Chromones. 


A solution of the halogenated phenol (20 g.) in alkyl acetoacetic 
ester (19 g.) is slowly added with cooling to phosphorus pentoxide 
(45 g.) in a flask fitted with a calcium chloride tube, the mass 
being occasionally stirred. The mixture generally becomes hot 
and in some cases frothing takes place. After standing for fifteen 
minutes, it is gradually heated on the water-bath, when the 
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mass becomes pasty and the colour changes to red. The mixture 
is then thoroughly mixed and the heating continued for about three 
hours. The cold sticky product, thus obtained, is then treated with 
powdered ice and the viscous oil separating is extracted with ether. 
The ethereal extract is thoroughly washed with 5 p.c. caustic 
potash solution to remove the unchanged phenol and then with 
water to remove the alkali. On evaporating the ether a viscous 
semi-solid product is obtained, which sometimes gives beautiful 
crystals on washing with petroleum ether but generally, if the semi- 
solid mass is placed on a porous plate and left overnight, the 
coloured resinous substances are absorbed and colourless crystals are 
obtained. The product is finally crystallised from alcohol in a yield 
of i7 to 80 p. c. 

General method of the preparation of the styrene derivatives 
by condensing the chromones with aldehydes.—An alcoholic solution 
of sodium ethoxide is added to a solution of the aldehyde (1 mol.) 
and the chromone (1 mol.) in the minimum quantity of absolute 
alcohol, when tke solution becomes warm. The solution, on keeping 
overnight, deposits crystals which are filtered off. A further crop 
of the crystals is also obtained by adding a few drops of water to the 
alcoholic mother-liquor. On recrystallisation from alcohol or acetic 
acid, well-defined crystals are obtained in almost quantitat ve yield. 


Chromones from Chlorophenols. 


8-Chloro-2-styryl-3-ethylchromone, obtained by the condensation 
of 8-chloro 2-methy]-3-ethylchromone (from o-chlorophenol and ethyl- 
a-ethylacetoacetate, Simonis and Schuhmann, Ber., 1917, 50, 1142) 
with benzaldehyde, crystallises from rectified spirit in silky yellow 
needles melting at 137°. (Found: Cl, 11°7. C}gH,,02Cl requires 
Cl, 11°4 per cent.). 

8-Chloro-2-methyl-8-propylchromone is obtained in 30 per cent. 
yield, from o-chlorophenol and ethyl-a-propylacetoacetate. It crystal- 
lises from alcohol as colourless needles, m.p. 100°. (Found: Cl, 
14°72. C,;3H;309Cl requires Cl, 15°0 per cent.). 

8-Chloro-2-styryl-8-propylchromone, the condensation product of 
8-chloro-2-methy1-3-propylchromone with benzaldehyde, crystallises in 
needles from rectified spirit, m.p. 109°. (Found: Cl, 10°64. 
Cy 9H, 70,Cl requires Cl, 10°9 per cent.). 

8-Chloro-2-methyl-3-isopropylchromone is prepared by condensing 
o-chlorophenol with ethyl-a-isopropylacetoacetate. The reaction 
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starts only when heated; no appreciable change takes place in the 
cold. It crystallises in long shining needles melting at 160° from 
absolute alcohol. (Found: Cl, 15°3. C,;3;H,3;0,Cl requires Cl, 15°0 
per cent.). 

8-Chloro-2-styryl-3-isopropylchromone, the product obtained by 
reacting the above chromone with benzaldehyde, crystallises from 
rectified spirit in fine silky needles melting at 151°. (Found: Cl, 
10°58. Co 9H;70, Cl requires Cl, 10°9 per cent.). 

6-Chloro-2-styryl-3-methylchromone is prepared by the condensa- 
tion of 6-chloro-2: 3-dimethylchromone (from p-chlorophenol and 
ethyl-a-methylacetoacetate) with benzaldehyde. It crystallises from 
rectified spirit, m.p, 143°. (Found: Cl, 11°5. C;gH,;0,9 Cl requires 
Cl, 11°9 per cent.). 

6-Chloro-2-methyl-8-propylchromone is obtained by condensing 
p-chlorophenol with ethyl-a-propylacetoacetate (the reaction starts 
in the cold with much rise of temperature). It crystallises from 
rectified spirit, m.p. 108°, (Found: Cl, 15°26. C,;,;H,30¢ Cl requires 
Cl, 15°0 per cent.). 

6-Chloro-2-styryl-3-propylchromone, the condensation product of 
6-chloro-2-methyl-3-propylchromone with benzaldehyde, crystallises 
in needles from alcohol, m.p. 126°. (Found: Cl, 11°3. CggH;;0,Cl 
requires Cl, 10°9 per cent.). 

6-Chloro-2-methyl-3-isopropylchromone, prepared from p-chloro- 
phenol and ethyl-a-isopropylacetoacetate, crystallises from rectified 
spirit, m.p. 127°. (found: Cl, 14°8. C;,;H,,0,Cl requires Cl, 15°0 
per cent.). 

6-Chloro-2-styryl-83-isopropylchromone, obtained by reacting the 
6-choro-2-methy]-3-isopropylchromone with benzaldehyde, crystallises 
in needles from rectified spirit, m,p., 159°. (Found: Cl, 11°83. 
Ce9H;702Cl requires Cl, 10°9 per cent.) 

6: 8-Dichloro-2-styryl-3-ethylchromone is prepared by condensing 
6 :8-dichloro-2-methy1-3-ethylehromone (from 2:4-dichlorophenol and 
ethyl-a-ethylacetoacetate) with benzaldehyde. It is crystallised from 
glacial acetic acid, m.p. 155-57°. (Found: Cl, 21°18. C)9H,,0,Cl, 
requires Cl, 20°58 per cent.). 


Chromones from Bromophenols. 


8-Bromo-2-styryl-3-methylchromone, the product of the condensa- 
tion of 8-bromo-2:3-dimethylchromone (from o0-bromophenol 
and ethyl-a-methylacetoacetate) with bezaldehyde, crystallises from 
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absolute alcohol in silky yellow needles melting at 200°. (Found: Br, 
28°71. C,,H,,0,Br requires Br, 23°46 per cent.). 

8-Bromo-2-methyl-3-propylchromone, prepared from 0-bromo- 
phenol and ethyl-a-propylacetoacetate, is crystallised from rectified 
spirit, m p. 82°. (Found: Br, 28°12. C,,;H,,;0,Br requires Br, 
28°4 per cent.). 

6-Bromo-2-styryl-3-methylchromone, the product obtained by re- 
acting 6-bromo-2: 3-dimethylchromone (from p-bromophenol and 
ethyl-a-methylacetoacetate) with benzaldehyde, crystallises in yellow 
needles melting at 152° from absolute alcohol. (Found: Br, 23°1. 
C,gH;,0,2Br, requires Br, 23°46 per cent.). 

6-Bromo-2-methyl-3-propylchromone, obtained from p-bromo- 
phenol and ethyl-a-propylacetoacetate, crystallises fom dilute alco- 
hol, m.p. 112°. (Found: Br, 28°5. C,;H,,;0,Br requires Br, 28°4 
per cent.). 

6-Bromo-:-styryl-3-propylchromone, is crystallised from rectified 
spirit, m.p. 129°. (Found: Br, 21°2. Cg9H;;OgBr requires Br, 
21°6 per cent.). 


Chromones from Cresols. 


2-Styryl-3 : 6-dimethylchromone is obtained by condensing 2:3 :6- 
trimethylchromone (from p-cresol and ethyl-a-methylacetoacetate, 
Petscheck and Simonis, loc. cit.) with benzaldehyde. It cr stallises 
from rectified spirit as hard crystals melting at 120°. (tound:C, 
82°48; H, 6°0. C;gH; 09 requires C, 82°60; H, 5°8 per cent.). 

8: 4: 6-Trimethylcoumarin, isomeric with 2: 3: 6-trimethylchro- 
mone is obtained by adding sulphuric acid (20 c.c.) in the cold to a 
solution of p-cresol (4 g.) in ethyl-a-methylacetoacetate (5 g.), keeping 
overnight and pouring the solution into water. It crystallises from 
dilute alcohol as colourless prisms, m.p. 165°, yield 5g. (Found: C, 
76°65; H, 6°48. C;gH, 0, requires C, 76°6; H, 6°4 per cent.). 

2-Styryl-3: 8-dimethylchromone, prepared by reacting 2: 8: 8- 
trimethylchromone (from o-cresol with ethyl-a-methylacetoacetate, 
Petscheck and. Simonis,. loc. cit.) with benzaldehyde, crystallizes as 
fine needles melting at 133° from rectified spirit. (Found: C, 82°65 ; 
H, 5°61. C,9,H;¢02 requires C, 82°60; H, 5°8 per cent.). 

2-(m-nitro-) styryl-3: 8-dimethylchromone is produced by con- 
densing 2:3: 8-trimethylchromone with m-nitrobenzaldehyde. 
Silky needles (m.p. 225°) from glacial acetic acid. (Found: N, 4°56. 
Cy9H,;0,N requires N, 4°36 per cent.). 
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2:8-Methyl-3-ethylchromone, prepared by the interaction of o- 
cresol with ethyl-c-ethylacetoacetate, crystallises from dilute alcohol, 
m.p. 71-72°. (Found: C, 77:1; H, 7:2. C},H,40, requires C, 77°22; 
H, 6-9 per cent.). 

2-Styryl-8-methyl-3-ethylchromone, the condensation product of 
the above chromone with benzaldehyde, crystallises from rectified 
spirit, m.p. 142°. (Found: C, 82°91; H, 6°05. Coa 9H;,0, requires 
C, 82:75; H, 6-2 per cent.). 


Coumarins from Resorcinol-mono- and dimethylether. 


7-Methozxy-4-methylcoumarin.—(a) Resorcinol-monomethylether 
(5 g.) is condensed with ethyl acetoacetate (5 g.) with sulphuric 
acid (15 c.c.) in the cold. The reaction mixture, on keeping 
overnight, is poured into ice-cold water and the precipitate 
collected and crystallised as rhombic plates from dilute alcohol, 
m.p. 156-57°. 

When phosphorus pentoxide (80 g.) is added in the cold to a 
solution of resorcinol-monomethylether (5 g.) and ethyl acetoacetate 
(5°5 g.) vigorous reaction takes place. The mixture is poured 
into water and the solid collected and crystallised. It also melts at 
156-57,° no depression of the melting point taking place when 
mixed with a specimen of the compound prepared with sulphuric 
acid or with a specimen of the methoxy derivative of §-methyl- 
umbelliferone. 

(b) To a solution of resorcinol-dimethylether and ethyl ace- 
toacetate sulphuric acid is added drop by drop at 0° (otherwise 
effervescence takes place and resinous products obtained). On 
keeping overnight and pouring into water a red solid is obtained. 
It is purified by heating on the water-bath with 10 p.c. caustic 
potash and acidifying. The precipitate, is collected, washed with 
sodium bicarbonate solution and crystallised from dilute alcohol. 
m. p. 156-57,° no depression was observed when mixed with 
7-methoxy-4-methylcoumarin. 

My grateful thanks are due to Prof. R. N. Sen for his keen 
interest in this investigation, to Dr. J. C. Bardhan for valuable 
advice and to Dr. P. Neogi for advice and facilities for conducting 
this work in his laboratory. 


CHEMICAL LABORATORY , Received December 24, 1931 
Presipency CoLtecg, CALCUTTA. 





Synthesis of Chromones. Part II. Condensation ot 
Nitrophenols with Alkyl Acetoacetic Esters. 


By DuHKHAHARAN CHAKRAVARTI. 


In order to find a satisfactory explanation of the causes of 
Simonis synthesis of chromones from phenols and alkyl acetoacetic 
esters using phosphorus pentoxide as the condensing agent, the 
reaction has been extended to nitrophenols and phenol carboxylic 
acids. It is remarkable that phenols possessing a negative substi- 
tuent such as NO, and COOH which do not respond at all to 
Pechmann’s reaction (Clayton, J. Chem. Soc., 1908, 98, 2108; 
Pechmann, Ber., 1899, 32, 3681), produce chromones, though 
with extremely poor yield, when condensed with the alky] acetoacetic 
esters by means of phosphorous pentoxide. The nitrochromones 
are described in this paper, while the chromone-carboxylic acids will 
form the subject of the next communication. 

The nitrophenols react with the alkyl acetoacetic esters with 
explosive violence and deeply coloured resinous products are in- 
variably formed. Of the three nitrophenols, m-nitrophenol gives 
the best yield. The nitrochromones derived from m-nitrophenol 
may be 5- or 7-nitro-compounds and as attempts to establish the 
constitution by hydrolytic decomposition have not been success ul, 
they are now provisionally described as 7-nitro-compounds. With 
o-nitrophenol no product could be isolated but it is desired to 
repeat the condensation using solvents. 

These nitrochromones contain a reactive methyl group in 2- 
position and hence can readily be condensed with the aldehydes in 
presence of alcoholic sodium ethoxide and are thereby dis- 
tinguished from the isomeric 4-methylcoumarins. The presence of 
a nitro group does not in any way lower the reactivity of the methyl 
group. 

The work continued by the author in this line leads to the follow- 
ing conclusions :— 

(1) Pechmann’s reaction.—If the phenol reacts with a 8-ketonic 
ester in presence of sulphuric acid, it will form always a 
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coumarin, any a-substituent in the acetoacetic ester molecule having 
no effeet in the case of resorcinol, orcinol, pyrogallol, pbloroglucinol 
and a-naphthol, which always show a marked tendency to form 
coumarins with good yield. P- and m-cresols form coumarins with 
unsubstituted acetoacetic ester, but with substituted ester the yield 
diminishes and no reaction takes place when substituents are heavy 
such as, propyl, isopropyl and isobutyl, due probably to the non- 
enolisation of the esters. o-Cresol, nitrophenols and phenol-carbo- 
xylic acids do not react at all. 

(2) Simonis reaction.—By using phosphorus pentoxide in place 
of sulphuric acid, phenols (e.g., resorcinol, orcinol, pyrogallol, 
phloroglucinol, a-naphthol) which form coumarins readily with good 
yield using sulphuric acid, invariably give coumarins. Phenols, 
which react with difficulty to form coumarins (¢.g., phenol, p-cresol, 
halogenated phenols) or do not react all (e.g., 0-cresol, nitrophenols, 
phenol-carboxylic acids, guiacol, hydroquinone) using sulphuric acid 
as the condensing agent, yield with phosphorus pentoxide chromones. 
m-Cresol reacts with ethyl acetoacetate to form coumarin in good 
yield with sulphuric acid, and it also forms coumarin with 
phosphorus pentoxide; but with substituted acetoacetic ester, 
m-cresol does not give a good yield of coumarin using sulphuric acid 
and so it forms a chromone with substituted acetoacetic ester in 
presence of phosphorus pentoxide. 

The theoretical discussion regarding these reactions is reserved 
until further work. 


EXPERIMENTAL, 


General Method of the Preparation of the Nitrochromones. 


Phosphorus pentoxide (25 g.) is gradually added with stirring to a 
well-cooled solution of the nitrophenol (20 g.) in the alkyl acetoacetic 
ester. (10g.) and the mixture is very slowly warmed up to 60-70° 
when it gradually becomes pasty and frothing takes place. It is then 
heated on the boiling water-bath for about 14 hours. If this initial 
heating be not slow and gradual, the reaction sets in with explo- 
sive violence and the temperature rises so much that the whole 
mass is charred especially in the case of p-nitrophenol. Phosphorus 
pentoxide (15—20g.) is again added to the deeply coloured mass and 
the heating continued for an hour more to ensure complete reaction. 
The cold product is then treated with ice-cold water and the black 
product extracted with ether. The ethereal extract is carefully 
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washed with 6 p.c. caustic potash solution to dissolve the 
unaltered nitrophenol and then with water to remove the excess of 
alkali. As the ether evaporates off, shining crystals of the chromone 
separate out, which are filtered off, washed with a little alcohol to 
remove the adhering oily impurities and finally crystallised from 
absolute alcohol. The nitrochromones are mostly sparingly soluble 
in alcohol and ether. 

General method of the preparation of the styryl derivatives by the 
condensation of the nitrochromones with aldehydes.—The method is 
the same as that of Heilbron, Barnes and Morton (J. Chem. Soc., 
1923, 123, 2569). The nitrostyrene derivatives are coloured yellow to 
brown and are highly insoluble compounds. 


Chromones from p-Nitrophenol. 


6-Nitro-2 :3-dimethylchromone is prepared by condensing p-nitro- 
phenol with ethyl-a-methylacetoacetate. It crystallises from absolute 
alcohol as shining prisms melting at 163° and is identical with the 
chromone prepared by Petschek and Simonis (Ber., 1913, 46, 2014) 
by the nitration of 2:3-dimethylchromone. (Found: N, 6’6. 


C,,H,O, N requires N, 6°39 per cent.). 

6-Nitro-2-styryl-3-methylchromone, the condensation product of 
6-nitro-2 :3-dimethylchromone with benzaldehyde, crystallises from 
glacial acetic acid as yellow needles melting at 205°. (Found: N, 
4°8. C, ,H,;0, N requires N, 4°56 per cent.). 

6-Nitro-2-methyl-3-ethylchromone is obtained by the interaction 
of p-nitrophenol with ethyl-a-ethylacetoacetate. It is sparingly 
soluble in ether and crystallises in needles from absolute alcohol, 
m.p. 184°. (Found: N, 64. C,,9H,,;04N requires N, 6°0 per 
cent.). 

6-Nitro-2-styryl-3-ethylchromone, prepared by condensing the 
chromone with benzaldehyde, crystallises in yellow needles from 
glacial acetic acid, m.p. 239°. (Found: N, 4°1. C;,H,,0, N requires 
N, 4°36 per cent.). 

6-Nitro-2-methyl-3-propylchromone is prepared from p-nitrophenol 
and ethyl-a-propylacetoacetate. It is very much soluble in ether 
and is finally crystallised in long needles from rectified spirit, m.p. 
125°, (Found: N, 5°9. C,3H,3;04N requires N, 5°66 per cent.). 

6-Nitro-2-methyl-3-isobutylchromone, the condensation product of 
p-nitrophenol with ethyl-a-isobutylacetoacetate, crystallises from 


5 
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rectified spirit in long needles melting at 96°. In this case an appre- 
ciable amount of black residue remains, which is insoluble in ether. 
(Found: N, 5°8. C,,H,;0, N requires N, 5°36 per cent.). 


Chromones from m-Nitrophenol. 


7-Nitro-2 :3-dimethylchromone is prepared by condensing m-nitro- 
phenol with ethyl-a-methylacetoacetate. The reaction is vigorous 
in this case. It is crystallised from absolute alcohol in needles 
melting at 136°. (Found: N, 6°5. C,,;H,O,N requires N, 6°39 
per cent.). 

7-Nitro-2-styryl-3-methylchromone, the product of condensation of 
7-nitro-2 :3-dimethylchromone with benzaldehyde crystallises from 
glacial acetic acid in yellow needles melting at 258°. (Found: N, 4°8. 
C;gH,30, N requires N, 4°56 per cent.). 

7-Nitro-2-methyl-3-ethylchromone, prepared from m-nitrophenol 
and ethyl-a-ethylacetoacetate, crystallises in needles from absolute 
alcohol, m.p. 167°. (Found: N, 5°8. C, 9H,,0, N requires N, 6°0 
per cent.). 

7-Nitro-2-methyl-3-propylchromone, obtained from m-nitrophenol 
and ethyl-a-propylacetoacetate, is crystallised from rectified spirit, 
m. p. 186°. (Found: N, 5°72. C,,;H,,;0,N requires N, 5°66 per 
cent.). 

7-Nitro-2 (m-nitro)-styryl-3-propylchromone is prepared by conden- 
sing the above chromone with m-nitrobenzaldehyde. It crystallises 
from a large volume of glacial acetic acid, m.p. 256°. (Found: N, 
7°28. Cog9H;¢O0gNe requires N, 7°36 per cent.). 

7-Nitro-2-methyl 3-isopropylchromone, prepared from m-nitro- 
phenol and ethyl-a-isopropylacetoacetate, crystallises from rectified 
spirit in needles melting at 133°. (Found: N, 5°74. C,,H,3;0,N 
requires N, 5°66 per cent.). 

7-Nitro-2 (m-nitro)-styryl-3-isopropylchromone, the condensation 
product of 7-nitro-2-methyl-3-isopropylchromone with m-nitroben- 
zaldehyde, crystallises from a large volume of glacial acetic acid, 
as light yellow needles which do not melt up to 270°. (Found: N, 
7°61. UggH,,gOgNe requires N, 7°36 per cent.). 

7-Nitro-2-methyl-3-isobutylchromone, prepared from m-nitro- 
phenol and ethyl-a-isobutylacetoacetate, is crystallised from rectified 
spirit, m.p. 158°. (Found: N, 5°44. C,;,H,;0,N requires N, 5°36 
per cent.). 
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7-Nitro-2 (m-nitro)-styryl-3-isobutylchromone, obtained by con- 
densing 7-nitro-2-methy!-3-isobutylchromone with m-nitrobenzalde- 
hyde, is crystallised from glacial acetic acid, m.p, 252°. (Found: N, 
7°23. Cy,H,g0,gNg requires N, 7°1 per cent.). 

My grateful thanks are due to Prof. R. N. Sen for his keen 
interest in this investigation, to Dr. J. C. Bardhan for valuable 
advice and to Dr. P. Neogi for advice and facilities for conducting 
this work in his laboratory. 


CHemicaAL Lasoratory, 
Presipency CoLLeGE, CaLcuTTa. Received December 24, 1931. 





Studies in Quinoline Compounds. Part VI. 
By UpENDRANATH BRAHMACHARI AND JNANENDRA Mowan Das-Gopta. 


The first series of compounds investigated in the following paper 
are alkylaminoquinoline derivatives which bear close relationship to 
plasmoquine type of compounds. ‘The general contour is very 
similar; while position 8 is occupied by amino group, position 6 
is occupied by a methoxy, ethoxy or chloro group. Further attach- 
ment of an alkylamino group to the former makes the general 
structure akin to that usually ascribed to plasmoquine, the constitu- 
tion of which, however, is not definitely known. The object of 
preparing these compounds is, therefore, to approach the constitu- 
tion of plasmoquine in a systematic way. ‘The similarity of the 
compounds investigated with plasmoquine will be apparent from the 
following structures. 


CH,O cy 
\4\4 


| N'HCl 


PAs 


NH-CH N 


\oH,"NH,"HC] \ LCH, 


H 
\ 
che 
(CHg)2'CHg'NEt,'HCl. 
(Plasmoquine, probable 
structure) 


It will be noticed that the alkylaminoquinolines prepared by us 
contain asymmetric carbon atoms which are also present in plasmo- 
quine and quinine. 

The second series of compounds are characterised by having un- 
saturated linkages (attached to the amino group in position 8), which 
are also present in quinine though not in plasmoquine. 

In al] cases the hydrochlorides have been prepared as these are 
more easily crystallised than the corresponding bases; moreover, 
the bases are insoluble in water while the hydrochlorides are 
readily soluble and are so well adapted for pharmacological experi- 
ments. 
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EXPERIMENTAL. 
First Series. 
6-Mcthoxy-8-B-aminoisopropylaminoquinoline Dihydrochloride. 


CH,0 /~ 
OO 
NH 


N'HCl 


Ne 


\cH,‘NH,‘HCI 


The preparation of this compound is given here in greater 
detail than in our previous paper (J. Indian Chem. Soc., 1931, 8, 
571). The starting materials for the synthesis of this compound are 
6-methoxy-8-aminoquinoline and 8-bromoisopropylphthalimide. The 
former is prepared by nitrating acetyl-p-anisidine and subsequent 
hydrolysis of the acetyl group. 

The amino compound thus obtained is then subjected to Skraup’s 
reaction which gives 6-methoxy-8-aminoquinoline (British Pat., 267, 
169). This is then condensed with 8-bromoisopropylphthalimide, 
This latter is obtained by condensing phthalic anhydride with 
allylamine and then warming the resulting allylphthalimide with 
fuming HBr or alternately by condensing allyliodide with potassium 
phthalimide and then proceeding as above (cf. Seitz, Ber., 1891, 24, 
2624). 

6-Methoxy-8-aminoquinoline (1 g.) and bromoisopropylphthal- 
imide (2 g.) are boiled together in an oil-bath at 130° for about 6 
hours at the end of which the mass solidifies. The product is then 
treated with alcohol which dissolves the excess of bromopropy!]phtha- 
limide and aminoquinoline, while the hydrobromide of phthalimido- 
isopropylaminomethoxyquinoline remains insoluble. It is then 
filtered, washed with alcohol and dried. As itis difficult to hydro- 
lyse it, its hydrazine condensation product is prepared, which can be 
easily hydrolysed (cf. Ing and Muske, J, Chem. Soc., 1926, p. 2348). 

The hydrobromide (5 g.) is treated with alcohol (3 c.c.) and 
hydrazine hydrate (0'lc.c.) next added. The whole is refluxed for 14 
hours and alcohol is distilled off while a white spongy mass remains. ° 
This latter is then hydrolysed by warming for about 15 minutes 
on a water-bath with excess of dilute hydrochloric acid. The 
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mixture is filtered, the filtrate is made alkaline and the precipitated 
base is extracted with chloroform. The chloroform solution is then 
treated with HCl gas, when the dihydrochloride is obtained. ‘This is 
purified from alcohol in yellow crystalline form melting at 218-20°. 
It readily dissolves in water to a clear yellow solution. (Found: N, 
13°70; Cl, 23°30. C,3H,,9ON,Cly requires N, 13°81; Cl, 23°35 
per cent.). 


2-Methyl-6-methory-8-8-aminoisopropylaminoquinoline Dihydro- 
chloride. 


"OQ 
OV 


NHC! 


NH 
\. AEs 
HC 
H,‘NH,"HC! 


It is obtained similarly from 2-methyl-6-methoxy-8-aminoquino- 
line which is prepared by applying Doebner and Miller’s reaction 
to 4-methoxy-2-nitroaniline and subsequent reduction. It is a 
yellow crystalline compound which melts at 260°. (Found: N, 
13°30; Cl, 22°20. C,,Hg,ON,Cly requires N, 13°34; Cl, 22°38 
per cent.). 

2-Methyl-6-ethory-8-B8-aminoisopropylaminoquinoline dihydro 
chloride.—It is obtained from 2-methy]-6-ethoxy-8-aminoquinoline 
which results from Doebner and Miler’s reaction on the corresponding 
nitroaniline and subsequent reduction. It melts at 270°. (Found: 
N, 12°70; Cl, 21°42. C,;,Hg,ON,Clyg requires N, 12°65; Cl, 21°38 
per cent.). 

6-Chloro-8-8-aminopropylaminoquinoline dihydrochloride.— It 
is obtained as before from 6-chloro-8-aminoquinoline. It is a 
yellow crystalline compound melting at 212°. (Found: N, 13°50; 
Cl, 84°41. C,gH,,N 3Cls requires N, 13°61; Cl, 34°52 per cent.). 

2-Methyl-6-chloro-8-8-aminoisopropylaminoquinoline dihydrochlor- 
ide.—It is obtained as above from 2-methy]-6-chloro-8-aminoquinoline. 
It melts at 255°. (Found:N, 13°1; Cl, 33°1. C,;3;H,gN3Clg requires 
N, 13°02; Cl, 83°02 per cent.). 

2-Methyl-8-B-aminoisopropylaminoquinoline dihydrochloride.—It 
is prepared similarly from 2-methyl-8-aminoquinoline. It melts at 
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275-80°. (Found: N, 14°50; Cl, 24°42. C,;H) Ng Clg requires N, 
14°58; Cl, 24°65 per cent.). 


Second Series. 


Allylthiocarbamido-8-aminoquinoline Hydrochloride. 


we 
N- HC! 
NH-CS NH:CH,:CH=CH, 


Aminoquinoline (1 g.) is mixed with allylisocyanate (1 g.) in 
methyl alcohol (5 c.c.). The mixture is warmed on water-bath for 
sometime and then poured into water. The precipitate is dissolved 
in hydrochloric acid, shaken with ether and the aqueous solution is 
made alkaline. The precipitate obtained is taken up with chloroform 
and the hydrochloride precipitated therefrom by passing HC! gas. It 
erystallises from alcohol and melts at 150°. It forms a yellow 
crystalline chromate with K,Cr,0, which does not melt below 300°. 
(Found: N, 15-20 ; Cl, 12°61. C,,;H,,N,SCl requires N, 15 02; Cl, 
12-70 per cent.). 


Allyl-8-aminoquinoline Hydrochloride. 


N-HCI 
NH-CH,:CH=CH, 


8-Aminoquinoline (1 g.) aud allylbromide (1 g.) are mixed with 
NagCO, (2 g.) dissolved in 10 c.c. of water. The whole is refluxed 
for three hours. The mixture is shaken with ether and the 
hydrochloride is precipitated from the ethereal solution by passing 
HCl gas. It crystallises from alcohol, m.p. 175°. It gives 
with potassium dichromate solution a chromate which does not melt 
below 300°. (Found: N, 12-8; Cl, 11°50. C,,gH,,N,Cl requires N, 
12:7; Cl, 11-56 per cent.). 
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Allylthiocarbamido-8-amino-6-ethoryquinoline Hydrochloride. 


“ 
\4 


\4 
N- HCI 
NH-CS:NH-CH,-CH=CH, 


The starting materials in the preparation of this compound are 
6 ethoxy-8-aminoquinoline and allylisothiocyanate. The former is 
obtained by reducing 6-ethoxy-8-nitroquinoline with SnCl, and conc. 
HCI, the nitroquinoline derivative itself being obtained by applying 
Skraup’s reaction to 4-ethoxy-2-nitroaniline (loc. cit.), 

6-Ethoxy-8-aminoquinoline (2 g.) and an equivalent amount of 
allylisothiocyanate in 10 c.c. of methy! alcohol are warmed together on 
water-bath for about an hour. The mixture is poured into water and 
purified as in the case of allylthiocarbamido-8 amimogquinoline. The 
hydrochloride is produced by passing dry HCl gas through its ethereal 
solution. It melts at 160° aad forms a yellow dichromate which 
does not melt below 300°. (Found: N, 18-10; Cl, 11-10; C,,Hyg,- 
ON,SCl requires N, 12-98; Cl, 10°97 per cent.). 


Allyl-8-amino-6-ethoxyquinoline Hydrochloride. 


CoH;0/ CY) 


AY 
N-HC! 


| 
NH-CH,:CH=CH, 


It is prepared by refluxing a mixture of 6-ethoxy-8-aminoquinoline 
(Lg), allylbromide (l*1 g.) and NagCO, (2 g.) dissolved in 8—10 
c.c, of water. The refluxing is continued for 2 to 3 hours. It is then 
cooled and treated with ether. The hydrochloride is prepared as in 
the case of allyl-8-aminoquinoline ; m.p. 182°. It forms a crystalline 
dichromate, which does not melt below 390°. (Found: N, 10°58; Cl, 
13-32. C,,H,;ON,Cl requires N, 10°59; Cl, 13-42 per cent.). 


6 
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N-(8-quinolyl)-»-Amino-a-methylthiazoline Hydrochlvride. 


oe 


 X-He! 
| 
a 
N Ss 


| | 
H,C——CH-CH, 


It is prepared by warming allylthiocarbamido-8-aminoquinoline 
with excess of concentrated hydrobromic acid on water-bath for 
about an hour. The mixture is cooled and diluted with water and 
then made alkaline with caustic soda solution. The precipitate is 
next extracted with ether. The ethereal solution is dried over 
anhydrous K,CO;, and the hydrochloride prepared as usual. It 
melts at 215-20° (decomp.). It isa light yellow substance and 
dissolves with difficulty in water to a light yellow solution. (Found: 
N, 15:00; Cl, 12°62. C,,;H,,N,SCI requires N, 15-02; Cl 12-70 per 
cent.). 


Tae BrRaHMacHARI ReseaRcH INSTITUTE, 
82-8, CORNWALLIS STREET, Received November 12, 1931. 
CaLouTra, 





Studies in Oxidation-Reduction Potential. 
Part I. Cystine. 


By J. C. Guosa, S. N. Raycaaupauri anv 8. C. GaNGu_i. 


The discovery of glutathione by Hopkins (Biochem. J., 1921, 
15, 286) in all living tissues and the probability of this substance 
acting as acarrier of oxygen has naturally directed the attention 
of investigators to the properties and behaviour of sulphhydril bodies. 
Glutathione contains cysteine as one of its constituent parts and 
obviously the study of oxidation-reduction potential of cysteine 
has great significance in the study of tissue oxidation. Now, if 
the oxidation-reduction of cysteine according to the following 
scheme :— 


2RSH=— RSS R*+2 H* 
were truly reversible, and a thermodynamic equilibrium existed at 


the noble electrodes, the value of electrode potential would be 
be given by 


Leysteine] 
¥ [cystine] 


p Py — = 8 


(1) 


Dixon and Quastel (J. Chem. Soc., 1923, 123, 2943) and later on 
Michaelis and his co-workers (Michaelis and Flexner, J. Biol. Chem., 
1928, 79, 689 ; Barron, Flexner and Michaelis, ibid., 1929, 81, 743) 
have carefully studied the reduction potential developed by solu- 
tions of cysteine at gold and mercury electrodes and found the 
following equation to hold good. 


kt, _ 2? 


vie ie is ae 


log [cysteine]. 
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Strangely enough they found that the addition of cystine has 
no influence on this electrode potential, and Barron, Flexner and 
Michaelis (loc, cit.) state ‘‘ It is improper to speak of a cystine— 
cysteine system at a mercury electrode This system is not 
related to the problem of cysteine oxidation in metabolism.”’ 


This is a very unsatisfactory position, and further investigation 
appeared very desirable. The previous investigators brought a 
buffered solution of cysteine and cystine hydrochloride in contact 
with a noble metal under anaerobic conditions and the potential 
developed referred to the normal hydrogen electrode was found to be 
given by equation (2) where E, has the value—0°001 volt. 


Now, if the potential is due to the oxidation of cysteine, it 
ought to be of the same order of magnitude as is necessary for the 
reduction of cystine. This point could be tested by determining 
the overvoltage at the cathode necessary for the reduction. Table I 
gives the potential we have found to be necessary for the reduction 


of cystine. 


The experimental arrangement consisted of two glass beakers 
containing the same solution of cystine hydrochloride connected by 


means of asiphon. One beaker contained ring-shaped anode of 
platinum gauze and the other a large piece of platinum, silver, copper 
foil or mercury as cathode. A stirrer rapidly stirred the liquid at the 
cathode and the overvoltage was determined by means of a Wolff 
potentiometer against a decinormal calomel electrode. 


The cystine and cysteine in the cathode liquid was estimated 
colorimetrically according to Folin aad Marenzi (J. Biol. Chem., 
1929, 83, 103) with slight modification. 4 C.c. of the cathode 
liquid was pipetted out and transferred to a 100 c.c. volumetric 
flask and 2 c.c. of a standard solution of cystine (containing 1 
mg. per c.c. in N-sulphuric acid) to another 2c.c. of a freshly 
prepared 20 p.c. solution of sodium sulphite was added to the 
standard cystine solution for its reduction and allowed to stand for 
a minute. 18C.c. of 20 p.c. sodium carbonate was then added to 
euch flask. After the addition of carbonate solution, 2 c.c. of 20 p.c. 
lithium sulphate was added to each flask and finally 8 c.c. of uric 
acid reagent was added to each flask with shaking. In the case of 
the standard, the solution was made up to a definite volume with 
a freshly prepared 3 p.c. solution of sodium sulphite, and with 
deaerated water in the other case. The strength was then deter- 
mined colorimetircally. 
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TABLE I. 


Cathode potential Extent of re- 


Current density. Electrode. against N-hydro- . 
gen Electrode. ductica. 


1°46 x 10-4 Mercury —0°7588 Measurable in 3 brs 
2°09 x 10-4 ms —0°7696 Complete in 8 hrs. 
3°20 x 10-4 Copper —0°4441 Very small in 3 hrs. 
3°84 x 1074 » —0°4442 47 06% in 3 hrs. 


” —0°4445 70°2% in 64 hrs. 


3°13 x 10-4 Silver —0°4407 49°4% in 8 hrs. 
” —0°4489 86°96% in 3 brs. 
Platinum —0°3520 None in 3 brs. 
os None in 6 hrs. 
— 4205 22°4% in 33 brs. 
— 4086 24% in 5 hrs. 
— "4186 39°2% in 7} brs. 


1°98 x 10-4 Mercury —°9109 Complete in 3 brs. 


It is wellknown that the direct method used above and 
the commutator method advocated by Newbury, give different 
over voltage values. The former method gives invariably higher 
values. There is at the present time no unanimity of opinion 
as to which method gives the correct value. The data in Table 1 
have therefore no quantitative significance. One important fact 
however should be noted; on a platinum surface, hydrogen dischrged 
at current density 1 x 10-* can reduce cystine to cysteine. at pH 0°38, 
but not at lower densities. It is clear that the cystine-cysteine 
potential cannot be far removed from that of the potential developed 
in a hydrogen gas cell. 

While the investigation was in progress two papers (Williams 
and Drissen (J. Biol. Chem., 1930, 87, 441) and the other by Fischer, 
(J. Biol. Chem., 1930, 89, 753) were published in which the problem 
has been treated differently. Cysteine was oxidised to cystine by 
oxidising agents (Ip, KIO, K,Cr.0, etc.) and attempts were made 
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to locate the redox potential by electrometric titration. The normal 
potential varied from +°415 to +°548 volt depending on the oxidis- 
ing agents. A positive potential at the cathode of the observed 
magnitude should certainly be incapable of reducing cystine to cys- 
teine. Williams and Drissen consider that in the electrometric 
titrations, one minute was sufficient for the attainment of equilibrium. 
This assumption is perhaps not correct, and what they actually 
recorded, may, for example in the case of iodine as oxidising agent, 
be the ‘ redox ’ potential of the system I,=—==2I’, the actual value 
of the potential depending on the concentrations of the I’ ion and the 
small concentrations of I, that may exist in the solution at the end 
of one minute. 

From the qualitative knowledge of the negative potential 
necessary for the reduction of cystine to cysteine, a method for 
fiinding out accurately the redox potential was worked out as 
follows : 

Under perfectly anaerobic conditions, cystine was partly converted 
to cysteine by cathodic reduction at a mercury electrode. The 
electrolysing current was then switched off, and the negative poten- 
tial determined from time to time while a current of nitrogen was 
continually flowing. Under these conditions, we would expect to 
observe a limiting vaule of the potential corresponding to the 
cystine-cysteine redox system. This expectation was realised when 
the pa value was 7 and more. For lower pa values erratic results 
were obtained. It is remarkable that the limiting values of the 
E.M.F. observed for pa values 7 or more are capable of being 
expressed by equation (1) where EZ, is found to have the value 

_ 0°07938. 

Also for the sane pa, the variation in the £.M.F with changes 

in the cystine-cysteine ratio foll»ws the relation— 


lcysteine], “[eystine], 


E,—E,=RT'/F log V Teystine ], [eysteine]. 








E,—E, is not given by the following relation 


a3 denaniel by the equation of Dixon and Quastel. 


[n solutions of a substance: like cystzine, the slightest trace of 
oxygen ha; a great effect on the potential. The most important 
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feature of the experimental technique was therefore to remove the 
oxygen as c»>npletely a3 possible from the cystine-cysteine mixture. 
This involvad the supply of carefully purified nitrogen and an 
efficiently sealed apparatus. Nitrogen prepared from ammonium 
chloride and sodium nitrite was stored up in a jar and further 
purified by allowing it to flow up a tower packed with copper turn- 
ings which were kept moist throughout with a mixture of equal 
volumes of saturated ammonium carbonate solution and liqucr 
ammonia (d 0-93). The issuing gas was then passed successively 

Fie. 1. through three towers containing 


alkaline pyrogallate solution, dilute 
sulphuric acid solution and concen- 
trated sulphuric acid respectively. 
A piece of white phosphorus did not 
glow in the issuing gas showing that 
the oxygen pressure was less than 
0°0007 mm. This gas was finally 
allowed to enter the cell. All con- 
nections from the gas reservoir to 
the cell were made of glass tubing. 
The cell was made out of a glass 
bottle of suitable size and had a 
capacity of about 150 c¢.c. This was fitted with a rubber stopper 
in which six holes were bored at equal distances from one another. 
The following glass tubes were inserted in the bores for the purpose 
mentioned below :— 





(i) A is the nitrogen inlet with a ground-glass joint. The lower 
end of the tube nearly touches th: surface of mercury inside the 
cell. 

(ii) F is the nitrogen outlet. [ts outer end dips in water to 
serve as a trap. 

(iii) Bisaglass tube at the lower end of which is fused a 
platinum wire in order to make an electrical connection with the 
mercury within the cell. Enongh mercury should be taken within 
the cell to immerse the wire completely. 

(iv) Cis a stop-cock large enough to allow the passage of a 
2 c.c. pipette. This was used for the introduction of the solution 
within the cell as well as for withdrawl of solution from the cell for 
analysis. 
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(v) Eis a siphon-tube with two stop-cocks H andI for making 
liquid connection with the anode chamber. The stop-cock I is on 
the main body of th» siphon and is of cons‘derable diameter so that 
it offers only a small resistance. When the electrolysing current is 
switched off, the stop-cock is also closed in order to prevent any 
back rush of tha liquid from the anode chamber to the cathode 
chamber where obviously the pressure will fall due to the bubbling 
of nitrogen at a slower rate. 

(vi) D is an arrangement for making connection with the deci- 
normal calomel electrode. It is filled up with saturated potassium 
chloride. 

G is the anode chamber. The anode used is a platinum gauze 
ring. A wire resistance was inserted between the poles of a battery 
of cells and the required voltage for electrolysis was applied by 
tapping off the current from the resistance. The cell fitted as stated 
above was made airtight with marine glue, soft sealing wax and a 
final coating of paraffin wax. It was then completely immersed 
in a bath of liquid paraffin in order to exclude the last traces of air 
from entering. The nitrogen reservior was connected at the ground 
glass part of A and a decinormal calomel electrode was connected 
at D. A regular stream of nitrogen helped to stir the liquid. 

The hydrogen-ion concentration was kept practically constant 
by means of buffer solutions; the cystine-cysteine ratio was varied 
by continual reduction at the cathode under perfectly anaerobic 
conditions for different lengths of time. 

Cystine, dissolved in the least quantity of hydrochloric acid was 
added to the buffer solution to bring it to the desired concentration. 
Due to the addition of hydrochloric acid in the cystine solution, the 
the pa_ value of the buffer solution was diminished by about “6 units 
every time. The pa value of cystine solution in each case was 
therefore determined electrometrically.* 

Cystine solution thus prepared was introduced into the electro- 
lytic cell and a portion of it into the anode chamber. The potentials 
were meusured against a 0°1N—calomel electrode. While the 
reduction was in progress, the nitrogen was bubbled more rapidly 


* The value of px obtained electrometrically may not be absolutely correct is 
cystine react as a powerful reducing agent. As a matter of fact, however, the 
colorimetric method gave values of px similar to those obtained by the electrometrio 
method. For the verification of reaction (4) the absolute value of pois not also 
essential. 
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to secure an efficient stirring. But after switching off the current, 
the potential was read with the nitrogen passing slowly and at an 
approximately regular rate through the electrolytic cell. Small 
variations in the rate of bubbling are without effect on the steady 
E.M.F. 

After the attainment of the steady state, more cystine was reduced 
electrolytically (5 milliamperes for } hour) as before, and the 
measurements continued. After each reduction, 2 c.c. of the cathode 
solution was taken out and the amount of cystine in the mixture de- 
termined colorimetrically. 

Pfansteil’s C. P. cystine was purified by dissolving several times 
in very dilute caustic soda solution and then precipitating with dilute 
acetic acid. 2 C.c, of the cystine solution was added to 80 c.c. 
buffer solution to bring it to the desired concentration. 

Mercury used as cathode was carefully purified. All experiments 

Fic. 2. were done at 25° and when 
the experiment was over, 
sulphuretted hydrogen was 
passed through the cathode 
liquid, but it failed to 
produce any precipitate 
showing that in the cathode 
no complex of cystine 
and mercury had been 
formed. 

Table II shows the limit- 
ing potentials in volts re- 
ferred to the normal hy- 
drogen electrode for px 
values above 7. Fig. 2 
illustrates the rate of es- 
tablishment of the steady 
potential. 

The values of the steady 
E.M.F. observed by us are 
somewhat different from 
the values of the electrode 

0 8 120 160 200 potential observed by 

Sie tain) Michaelis on a@ mercury 

surface exposed to a solution of cysteine in absence of oxygen. 


7 
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TaBLe II 
ps. Mol. conc. Mol. conc. E. E,. E,—Ey, 
of cystine. _ of cysteine. 
Cale, > Cale. 
Obs. from (5) from(6) 


“0557 = °0556" 





ro 


8°60 (1) ° ° —*8458 
8°60 (2) ; . —*4015 
8°5C (1) ‘ ‘ - —°8510 
8°60 (2) ‘ . — 3614 
8°40 (1) . —°3331 
8°40 (2) 7 q — °3587 
805 (1) ‘0013 —+3060 
8°05 (2) * ‘0031 - —*3391 
75 (1) ' “00084 — 2541 
7°5 (2) ‘0028 “0018 — ‘2776 
2.303 RT/F =0°059 at 25° 
Discussion. 


It will be seen from Table II that in neutral and in alkaline solu- 
tions the electrode potentials obtained at a mercury surface by the 
partial reduction of cystine in situ is due to a reversible transforma- 
tion according to the following scheme. 

2 cysteine === cystine + 2H* + 2e 


In acid solutions, however, the results are not capable of being 
expressed by any rational thermodynamic equation, 

This behaviour can be correlated with the electrochemical and 
biochemical behaviour of cysteine and glutathione. Cannan and 
Knight (Biochem. J., 1927, 21, 1889) consider that the cation of 
cysteine hydrochloride should be regarded as an acid dissociating three 
hydrogen ions thus :— 

NH} NH3 NH3 
R—COOH——> »“coo- +H*<—=—»R—CO00' + 2H* 
SH SH ‘ye 


I I III 
NH, 


4 
== R—COO’ + 3H* 


Sg’ 
IV 
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The respective dissociation constants are 1°4x10-?, 7°3x10-°, 
and 4°6x10-!!, Between pa 3 and pa 7 cysteine exists almost en- 
tirely as a neutral internal salt molecule 


NH} 
4 i alien 
R—COO~ (IT) but as the pa value increases, dissociation into 
SH 


III and IV increases. Below pa 7 the thiol groups (-SH) in cysteine 
(CSH) is stable but above this value the thiol group dissociates into 
-8~+H*. It is in this region, when such dissociation becomes possi- 
ble, that we should expect the thiol group to be an active reducing 
agent in a reversible transformation thus 


NH; NH} NH; 
4 Pd r 
2R—COO-——32R—C00- + 2H*< =» R—CO0- 


\ \ 
SH s- +2H* +2e 


R—COO- 
\ 


NH} 
The work of Hopkins (Biochem. J., 1925, 19, 787) on the oxidation of 
fats and proteins by glutathione also brings out clearly the characteristic 
differences in the oxidation by thiol groups in acid and alkaline range. 
Thus in conformity with the investigations of Meyerhof (Pfliiger’s 
Archiv, 1928, 199, 531), Hopkins found that in acid range the oxida- 
tion of unsaturated fatty acids by oxygen of the air is catalytically 
accelerated by substances containing the thiol (SH) group. The 
thiol group forms with oxygen a peroxide (RSH) 20, which complete- 
ly transfers the oxygen to the acceptor fatty acid resulting in re- 
generation of the thiol group. In alkaline range however, ‘ the (SH) 
group is so freely oxidisable that unless its concentration in the 
system be relatively high, it rapidly disappears even in the presence 
of fatty acids’. In this region of pa we are dealing with an induced 
reaction, the inductor thiol compound and the acceptor fatty acid 
being both oxidised in the process. This difference in behaviour 
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can be explained by the hypothesis that in the formation of disul- 
phide from two thiol molecules, the first stage consists in the dissoci- 
ation of the thiol (SH) group into -S~+H*. In the region of pu 
where this dissociation is possible, oxidation of the thiol into the 
disulphide occurs. For the values of px below this range, a thiol 
compound is stable in the sense that it is incapable of forming a 
disulphide. 


CuemicaL LaporaTory, 
Tae Dacca Untversity. Received December 21, 1932. 





Studies in Oxidation-Reduction Potential. Part II. 
Thioglycollic and Thiolactic Acids. 


By J. C. Guosu, 8. N. Raycnaupguri anp 8. C. GaNnGoui. 


In the preceeding paper, the oxidation-reduction potential of 
cystine and cysteine has been investigated in a solution at mercury 
cathode after forming the reductants in situ by the cathodic reduc- 
tion of cystine in an atmosphere of pure nitrogen. ‘The potential 
was shown to follow the thermodynamic equation 


RT. _RT [cysteine ] 
E='0793 — > a F log / [cystine] 


It was considered interesting to investigate the oxidation-reduc- 
tion potentials of other sulphhydril compounds, ¢.g. thioglycollic 
acid and thiolactic acid by the same method. 


EXPERIMENTAL. 


Two c.c. of a solution of thioglycollic acid or thiolactic acid exact- 
ly neutralised with caustic soda solution was oxidized by an exactly 
equivalent quantity of hydrogen peroxide and made up to 100 c.c. 
with buffer solution. This was then introduced within the electroly- 
tie cell. ‘The pq value of the buffer solution was always determin- 
ed electrometrically. Kahlbaum’s thioglycollic acid was used. 

Thiolactic acid was prepared from bromopropionic acid by potassi- 
um hydrosulphide by the method of Loven (J. pr. Chem., 1884, 29, 
867). It was finally distilled at 100°/15 mm. 

Measurements were made at a temperature of 30°. Experimen- 
tal results above pu 7 can be formulated by the thermodynamic 
equation 


RT _ RT [reductant } 
B= 0108" Pg —R- 108 Yr ocidant] — 


and also for the same pu, the variation of E.M.F. with variation of 
the ratio of concentrations could be expressed by the equation 





RT {reductant], . “[oxidant], 
By - B= 7 log -“ [oxidant], . [reductant], Saad 
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Table I gives the potential at different pa values and different 
concentrations of the oxidant and reductant. 


TaB.e I. 


Pa Mol. conc. Mol. cunc. E. E,. 
oxidant. reductant. 





I. Thioglycollic acid. 
930 (*) "0055 “O11 —*4330 
»» (i) 0079 ‘0071 —°4125 
8°55 (i) *0046 013 —°3916 
» (it) 0017 019 — "4148 
7°00 <i) °0079 “0065 —"2715 
»» (#4) °00087 015 — 3334 
II. = Thiolactic acid. 
9°35 (+) ‘0050 “0032 ~°4108 
»» (4) "00049 “012 — "4756 
7°85 (¢) °0042 "0023 —°3116 
ve (si) *0024 *0059 — 3434 


Discussion. 


It is remarkable that the value of E, should be the same for 
thiolactic acid and thioglycollic acid as for cysteine. It is clear 
therefore that the reaction 


[-SH]+[-SH] ——  [-S-S-—]+2H*+2. 


has a value of free energy which is independent of the nature of the 
free radical to which the sulphur atom of the sulphhydril group is 
attached. 

It is interesting to note in this connection that the Raman spec- 
tra of all mercaptans and that of H,S are identical, the shift being 
2578 cm=', The same value of the Raman shift indicates that the 
force binding the hydrogen atom to the sulphur atom is always the 
same and independent of the way in which the other valency bonds 
of sulphur atom are saturated. 


Cimurcan LasoraTory, Received December 21, 1931. 
Dacca University. 





Behaviour of Nitrophenols with p-Toluenesulphonyl 
Chloride. Part II. 


By Sarreane M. Sane, SatvenDRA Nato CHAKRAVARTY 
AND BrrENDRA Nats ParRMANICE. 


It was shown by one of us (Sane and Joshi, J. Chem. Soc., 1924, 
125, 2481) that OH group in nitrophenols, excepting 4-chloro-2: 6- 
dinitro-m-cresol* which gives ester, is replaced by chlorine by means 
of p-toluenesulphony! chloride in presence of diethylaniline if there 
are two nitro groups present in ortho and para positions respectively 
to OH, but if sodium carbonate is used instead of diethylaniline, 
toluenesulphony! ester is formed. 

In the present paper this reaction has been extended to dinitro- 
thymol, thymol, dinitrocarvacrol and nitro-p-cresotinic acid.* The 
first two like 4-chloro-2: 6-dinitro-m-cresols give p-toluenesulphony] 
esters in presence of diethylaniline as well as sodium carbonate. The 
esters obtained are very stable and are not converted into diphenyl- 
amine derivatives when heated with aniline. 

The nitro-p-cresotinic acid used in the experiment has probably 
nitro group in the ortho position to OH as during nitration of the 
cresotinic acid (kostanecki and Niementoski, Ber., 1885, 18, 254; 
Einhorn and Pfyl, Annalen, 1900, 341, 51), 2: 6-dinitro p-cresol 
(m. p. 82°) is formed, if the temperature is allowed to rise, the 
identity of which has been established by the preparation of the cor- 
responding p-toluenesulphony! ester, (m.p. 133°) (cf. Ullmann and 
Nadai, Ber., 1908, $4, 1877). 

The p-toluenesulphonyl compound of the ester of nitro-p-creso- 
tinic acid is formed in presence of diethylaniline; it does not react 
with ammonia but unlike the corresponding compounds with dinitro- 
carvacrol and dinitrothymol, it gives diphenylamine derivative when 
boiled with aniline. 


CO,Et CO,Et S0,H 
0'80,¢ Me NH‘Ph 
PN 
+Ph‘NH, -—> | Me 
Me NO, Me Og 


* Position 1 has been assigned to OH in cresols_ and hydroxy compounds and to 
COOH in cresotinic acids after the new edition of Beilstein (Vol. 6). 
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On hydrolysis this compound gives easily the free acid. 


CO,H 
NH‘Ph 
l 


Me NO, 


EXPERIMENTAL. 


4: 6-Dinitrothymol-p-toluenesulphonate.—A mixture of dinitro- 
thymol (8 g.), p-toluenesulphony! chloride (6°6 g.) and diethylaniline 
(15 ¢.c.) was heated on the water-bath for 4 hours. The cool mixture 
was then digested with dilute hydrochloric acid. The aqueous liquid 
was then decanted off and the liquid residue shaken with a little alco- 
hol when it solidified. The ester dissolves easily in benzene and 
acetic acid, but is not easily soluble in alcohol. Colourless needles 
from acetic acid, m.p. 142°, yield 12g. (Found: N, 7°02 ; 8, 7°81, 
C,7H,g07,N25 requires N, 7°1 ; 8, 8°12 per cent.). 

Dinitrothymol (4 g.) and p-toluenesulphonyl chloride (3°5 g.) were 
suspended in 20 c.c. of boiling water and sodium carbonate (8 g.) was 
added in small quantities at a time to the boiling mixture which was 
vigorously shaken curing the reaction until the smell of p-toluene- 
sulphony! chloride disappeared. The cooled mixture was then filtered 
and the residue washed with sodium carbonate solution and recrystal- 
lised from alcohol, m.p. 142°. This ester is identical with the ester 
described above. 


Dinitrocarvacrol-p-toluenesulphonate.—Dinitrocarvacrol (7 g.), p- 
toluenesulphony! chloride (6°5 g.) and diethylaniline (15 c.c.) were 
heated together on the water-bath for 4 hours and the ester formed 
was obtained from it by the method already described. Colourless 
erystals from alcohol, m.p. 125°. The same ester is also obtained by 
using sodium carbonate as the condensing agent. (Found: N, 7°2 ; 

8, 8°28. C,;,H,,0,N,§8 requires N, 7°1; 8, 8°12 per cent.). 

Nitro-p-cresotinic acid.—Cresotinic acid (10 g.) was dissolved in 
acetic acid (80 c.c.) and nitric acid (6 c.c. d 1°4) dissolved in 
an equal quantity of acetic acid, was added to the solution. After a 
short time the colour changed and the mixture became warm. The 
nitro compound was then precipitated by the addition of ice to the 
mixture; m.p, 173°. 
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When the nitration was not controlled by cooling the mixture, 
carboxyl group was displaced and 2: 6-dinitro-p-cresol (m.p. 82°) 
was formed. The p-toluenesulphonate of the latter melted at 153°. 

p-Toluenesulphonate of 2-hydroxy-3-nitro-5-methylbenzoic acid 
ethyl ester.—Nitro-p-cresotinic acid ethyl ester, (m.p. 104-105°, 2 g.), 
p-toluenesulphony! chloride (2 g.) and diethylaniline (10 c.c.) were 
heated together on the water-bath and the toluenesulphonate sepa- 
rated as before. Colourless small plates from alcohol, m.p. 110°, 
yield 8g. (Found: 8S, 8°27. C,,H,;0,NS requires 8, 8°44 
per cent.). Sodium carbonate was also used as condensing agent 
with the same result. 


8-Methyl-5-nitro-6-diphenylamine benzoic acid ethyl ester.— 
p-Toluenesulphonate of nitrocresotinic acid ester (6 g.) and anhydrous 
sodium acetate (4 g.) were heated together with excess of aniline for 
some time. The excess of aniline was then removed by means of 
dilute HCl and the residue was crystallised from alcohol in yellowish 
needles, m. p. 136°. (Found: N, 9°26. C,gH,,0,Ng requires N, 
9°33 per cent.). 

8-Methyl-5-nitro-6-diphenylamine benzoic acid.—The foregoing 
compound was dissolved in alcohol and hydrolysed by HCl. Brick 
red small rhombic crystals from alcohol, m.p. 174°. (Found: 
C, 61°52; H, 4°88; N, 10°4. C,;,H,,0,N, requires CU, 61°76; H, 
4°41; N, 10°83 per cent.). 


CuemicaL Laporatory, 
Lucaxow Universitr. Received May 12, 1930. 








Behaviour of Nitrophenols with p-Toluenesulphony! 
Chloride. Part III. 


By Sarrane M. Sang AND S#1aM SuNDER JOSHI. 


In the previous papers on this subject (J. Chem. Soc., 1924, 128, 
2481 ; J. Indian Chem. Soc., 1932, 9,55) it was shown that when 
p-toluenesulphony! chloride acts on nitrophenols in presence of 
diethylaniline, the OH group is replaced by Cl atom provided that 
nitro groups are present in the ortho and para positions with respect 
to OH group. It was also shown that the presence of a CH, group 
in the meta position with respect to OH acts unfavourably on the 
replaceability of the OH group. In the present paper we have exa- 
mined the behaviour of the following phenol derivatives: 2-iodo- 
4:6-dinitrophenol; 2:6-dinitrophenol and its halogen derivatives 
viz., 4-bromo-2:6-dinitrophenol and  4-iodo-2:6-dinitrophenol; 
8-chloro-2-bromo-4 :6 dinitrophenol ;3-chloro-2-iodo-4 : 6-dinitrophenol ; 
8-chloro-2:4 :6-trinitrophenol ; 3:6-dimethyl-2:4-dinitrophenol ; 2- 
hydroxy-4-methyl-5-nitrobenzoic acid ; 4-hydroxy-3-nitrobenzoic acid 
and 4-hydroxy-5-bromo-8-nitrobenzoic acid. 

The results obtained are given in Table I. ‘The chloro compounds 
formed contain an active chlorine atom and are capable of under- 
going various reactions. These will be described in a later paper. 
Some of the p-toluenesulphonic acid esters are also more or less 
reactive, while the others are not. 

Acetyl and benzoyl derivatives of some phenols used have been 
described in the experimental part. 


EXPERIMENTAL. 


2-lodo-4 :6-dinitrophenyl-p-toluenesulphonate.—2-Iodo-4:6-dini- 
trophenol (3°1 g.) and p-toluenesulphony! chloride (2°1g.) were 
boiled together with water and to the hot mass sodium carbonate 
(1°2 g.) was added in small quantities and the liquid well shaken. 
The mixture was then allowed to cool and then filtered. The ester 
(8 g.) dissolved easily in benzene and with difficulty in alcohol from 
which it crystallises in colourless crystals, m.p. 149°. (Found: 
8, 6°71. C,,H,O;NgIS requires S, 6°9 per cent.). 
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1-Chloro-2-iodo-4 :6-dinitrobenzene.—A mixture of 2-iodo-4:6- 
dinitrophenol (6 g.), p-toluenesulphony! chloride (4°1 g.) and diethy]- 
aniline (12 c.c.) was heated on the water-bath for four hours. From 
the dark product the diethylaniline was removed by dilute hydro- 
chloric acid and the unchanged phenol by sodium carbonate solution. 
The crude product (4°5 g.) was dissolved in alcohol and the solution 
boiled with animal charcoal. From the filtered and concentrated 
solution, the chloroiododinitrobenzene separated out in pale white 
crystals, m.p. 106°. It dissolves in all the common organic solvents. 
(Found : N, 8°61. CgH,0,N.Cl I requires N, 8°53 per cent.). 

2:6- Dinitrophenyl-p-toluenesulphonate.—This ester was obtained 
from 2:6-dinitrophenol (4°6 g.), p-toluenesulphony! chloride (5°2 g)and 
sodium carbonate (3 g.) in the manner already described. It dissolves 
easily in benzene and acetone and with difficulty in alcohol. Colour- 
less crystals from a mixture of alcohol and acetone, m.p. 185°, 
yield 6g.(Found: 8, 9°15. C;,; H;,90,N,8 requires 8, 9°47 per cent.). 

1-Chloro-2 ; 6-dinitrobenzene.—This is obtained from 2 :6-dinitro- 
phenol (4°6 g.), p-toluenesulphonyl chlorde (5°2 g.) and diethylaniline 
(9 c.c.) in the manner already described. It forms colourless crystals, 
m.p.86°, yield 3g. It dissolves easily in alcohol, benzene, etc. 
This is identical with the chlorodinitrobenzene prepared by Ostromiss- 
lenski (J. pr. Chem., 1908, ii, 78, 261). (Found: N, 18°56; Cl, 
17°43. C,H,0,N,Cl requires N, 13°88 ; Cl, 17°53 per cent.). 

4-Bromo-2 :6-Dinitrophenyl-p-toluenesulphonate.—This was ob- 
tained from p-toluene:ulp hony! chloride (4°2 g.), sodium carbonate 
(2°5 g.) and 4-bromo-2:6-dinitrophenol (5°3 g.). The last compound 
was obtained from 2:6-dinitrophenol by adding the required amount 
of bromine to its solution in alcohol (Fromm and Ebert, J. pr. 
Chem., 1922, ii, 106, 75). The ester, forms colourless crystals, 
melts at 186°, yield 6g. (Found: S, 7°84, C},H,0,N,BrS requires 
S, 7°67 per cent.). 

1-Chloro-2 :6-dinitro-4-bromobenzene.—This was obtained from 4- 
bromo-2 :6-dinitrophenol(8 g.), p-toluenesulphony] chloride (6'4 g.) and 
diethylaniline (16 c.c.). It is soluble in most of the organic solvents 
and is obtained as pale white crystals from dilute acetic acid, m.p. 
98°, yield 4°8 g. (Found: N, 10°17 ; Cl+ Br, 40°74. CgH,0,N,Cl Br 
requires N, 9°95 ; Cl+Br, 41°03 per cent.). 

4-lodo-2 :6-dinitrophenyl-p-toluenesulphonate.—This was prepared 
from 4-iodo-2:6-dinitrophenol (3°1 g.) (Armstrong, loc, cit.), 
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p-toluenesulphony! chloride (2°1 g.) and sodium carbonate (1°8 g.). 
Colourless crystals from a mixture of acetone and alcohol, m.p. 
188°, yield 4g. (Found: 8, 695. C,;H,O,N,IS requires S, 69 
per cent.). 

1-Chloro-4-iodo-2 :6-dinitrobenzene.—This was obtained from 4- 
iodo-2 :6-dinitrophenol (10°5 g.), p-toluenesulphony! chloride (7 g.) 
and diethylaniline (22 c.c.). It is soluble in most organic solvents; 
colourless crystals from alcohol, m.p. 115°, yield 6g. (Found: N, 
8°86. C,H,0,N,CII requires N, 8°53 per cent.). 

8-Chloro-2-bromo-4 : 6-dinitrophenol.—To a solution of 8-chloro- 
4:6-dinitrophenol (6°5 g.) in alcohol, bromine (1°6 c.c.) was added 
drop by drop. The reaction product was warmed and then poured 
on ice when chlorobromodinitrophenol (8°83 g.) separated out. It 
dissolves in most organic solvents and crystallises from methy! 
alcohol in colourless crystals, m.p. 118°. (Found: N, 9°16. 
C,H,0,N,Cl Br requires N, 9°41 per cent.). 

8-Chloro-2-bromo-4 :6-dinitr ophenyl-p-toluenesulphonate, obtain- 
ed from 8-chloro-2-bromo-4:6-dinitrophenol (3 g.), p-toluene- 
sulphony! chloride (2°1 g.) and sodium carbonate (1°2 g.), is easily 
soluble in benzene. Colourless crystals from acetone-alcohol 
mixture; m.p. 125°, yield 2g. (Found: 8, 7°01: C},;,H,O,N,Cl BrS 
requires 8, 7°08 per cent.). 

1:8-Dichloro-2-bromo-4 :6-dinitrobenzene.—This was prepared 
from 8-chloro-2-bromo-4 :6-dinitrophenol (6 g.), p-toluenesulphony! 
chloride (4°2 g.) and diethylaniline (12 .¢.c.). Dichlorobromodinitro- 
benzene dissolves easily in most organic solvents; colourless crystals, 
m.p. 108°, yield 5 g. (Found: N, 9°18. C,HO,N,Cl,Br requires N, 
8°86 per cent.). 

8-Chloro-2-iodo-4 :6-dinitrophenol.—The compound was prepared 
by adding iodine (7°6 g.) and mercuric oxide alternately to 8-chloro- 
4:6-dinitrophenol (6°4 g.) in alcohol. The alcohol was then distilled 
off and the residue repeatedly extracted with benzene. (hloroiodo- 
dinitrophenol forms yellow crystals, m.p. 108°, yield 9°5 g. It dis- 
solves in most organic solvents. (Found: N, 7°81. C,H,O,N,CII 
requires N, 8°13 per cent.). 

8-Chloro-2-iodo-4 :6-dinitrophenyltoluenesulphonate.—This was 

obtained from 8-chloro-2-iodo-4 :6-dinitrophenol (8°5 g.), p-toluene- 
sulphonyl chloride (2°1 g.) and sodium carbonate (1°2 g.). The ester 
forms colourless crystals, m.p. 150°, yield 8 g. (Found: 8, 6°27. 
C,3Hg0,N,Cl I S requires S, 6°43 per cent.). 
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1 :3-Dichloro-2- -iodo-4 :6-dinitrobenzene.—This was prepared from 
a@ mixture of 3-chloro-2-iodo-4:6-dinitrophenol (8°5 g.), p-toluene- 
sulphony! chloride (2°1 g.) and diethylaniline (7 ¢.c.). Dichloroiodo- 
dinitrobenzene is soluble in most organic solvents. Pale white crys- 
tals, m.p. 108°, yield 2 g. (Found: N, 7°99. C,HO,N,CigI requires 
N, 7°7 per cent. ). 

1:3-Dichloro-2 :4:6-trinitrobenzene.—This was prepared from a 
mixture of 3-chloro-2 : 4 :6-trinitrophenol (8 g.) (obtained by nitrating 
m-chlorophenol; cf, Tijmstra Chem. Zentr.,1902, II, 519), p-toluene- 
sulphony! chloride (6°38) and diethylaniline (15 c.c.). Colourless 
crystals, m.p. 129°, yield 6 g. (Sudborough and Picton, J. Chem. Soc., 
1906, 89, 591). (Found: N, 14°63. C,gHO,N,Cl» requires N, 14°89 
per cent.). 

8 :6-dimethyl-2 :4-dinitrophenyl-p-toluenesulphonate was prepared 
from 3:6-dimethyl-2:4-dinitrophenol (2°1 g.) (Kostanecki, Ber., 
1886, 19, 2321), p-toluenesulphony! chloride (2°1 g.) and diethylaniline 
(15 c.c.). The ester crystallises from acetone-aleohol mixture in 
colourless crystals, m. p. 137°, yield 3°2g. (Found: 8S, 8°97. 
C,5Hy, 40,N,8 requires 8, 8°74 per cent.). 

2-Hydrory-4-methyl-5-nitromethylbenzoate.—2-Hydroxy-4-methy]- 
5-nitrobenzoic acid (5 g.), which was prepared by nitrating 2-hydroxy- 
4-methylbenzoic acid (Borsche, Annalen, 1904 330, 1000) was dissolv- 
ed in methyl] alcohol (20 c.c.) and concentrated sulpburic acid (2 c.c.) 
added to the mixture. The mixture was boiled for three hours, the 
excess of methyl alcohol distilled off and the residue diluted with ice 
cold water. The ester crystallises form methy] alcohol in colourless 
crystals, m.p. 78°, yield 4°5 g. (Found: N, 6°53. Cs>H,O; N requires 
N, 6°€8 per cent.). 

p-Toluenesulphonic ester of 2-hydrory-4-methyl-5-nitromethyl 
benzoate was obtained from the foregoing methylbenzoate (4°2 g.), 
p-toluenesulphony! chloride (4°2 g.), and diethylaniline (9 c.c.). The 
ester forms colourless crystals, m.p. 98°, yield 6 g. (Found: 8,8°91. 
C,¢H,;0,NS8 requires 8, 8°77 per cent.). 

2-Phenylamine-4-methyl-5-nitromethylbenzoate.—The foregoing 
ester (2 g.) and aniline (4 c.c.) were boiled togother for a few 
minutes. On dissolving out the excess of aniline by hydrochloric 
acid, the phenylaminomethylnitromethylbenzoate separated out. 
This compound dissolves easily in the common organic salvents 
and crystallises from alcohol in yellow crystals, m.p. 84°, yield 1°38 g. 
(Found: N, 9°45. C,,;H,,0,N, requires N, 9°79 per cent.). 
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p-Toluenesulphonic ester of 4-hydroxy-8-nitromethylbenzoate — 
4-Hydroxy-3-nitromethylbenzoate (4 g.) (Auwers and Rohrig, Ber., 
1897, 30, 991; D.R.P. 97334), p-toluenesulphony! chloride (4°2g.) and 
diethylaniline (8 c.c.) were heated together on the water-bath. The 
ester is obtained in colourless crystals from alcohol, m.p. 86°, 
yield 6 g. (Found: 8, 917. C,5H,;0;NS requires 8, 9°12 
per cent.). 
4-Phenylamino-3-nitromethylbenzoate.—p-Toluenesulphonic ester 
of 4-hydroxy-8-nitromethy!benzoate (3°5 g.) and aniline (5c.c.) were 
heated together for some time. On removing the excess of aniline 
by hydrochloric acid, the reaction product separated out. Shining 
yellow crystals from alcohol, m.p. 127°, yield 23g. (Found: N 
10°46. C,,H,994Ng requires N, 10°30 per cent.). 
4-Hydrozy-5-bromo-3-nitrobenzoic acid.—This was prepared by 
adding bromine (2°7 c.c.) to a solution of 4-hydroxy-3-nitrobenzoic 
acid (9 g.) (Ber., 1887, 20, 408; J. pr. Chem., 1890, ii, 42, 552), in 
acetic acid (20 c.c.). On adding water to the product of reaction the 
hydroxybromonitrobenzoic acid seperated out (11 g.). It dissolves 
easily in the common organic solvents; colourless crystals from dilute 
acetic acid, m.p. 229°. (Found: N, 5°28. C,H,O,N Br requires 
N, 5°34 per cent.). The methyl ester of the foregoing compound 
melts at 130°. (Found: N, 5°09. C,H,O,NBr requires N, 5°07 
per cent.). 
p-Toluenesulphonic ester of 4-hydroxry-3-nitro-5-bromomethylben- 
zoate.—This was obtained from 4-hydroxy-3-nitro-5-bromomethy]ben- 
zoate (2°8 g.), p-toluenesulphony! chloride (2°1 g.) and diethylaniline 
(5 c.c.). The ester dissolves easily in most organic solvents; colour- 
less crystals, m.p. 127°, yield 3°6 g. (Found: §, 7°41. 
C,;H,,0,N Br S requires S, 7°44 per cent.). 
4-Phenylamino-3-nitro-5-bromomethylbenzoate.— The foregoing 
ester (2°2 g.) and aniline (5 c.c.) were heated together for sometime. 
On removing the excess of aniline, the phenylamine derivative sepa- 
rates out (1°5 g.). Deep yellow shining crystals from alcohol, m.p. 
128°. (Found; N, 8°06. C,,H,,0,N,Br requires N, 7°98 per cent.). 
Acetyl derivative of 2-iodo-4:@-dinitrophenol was obtained in 
shining colourless crystals from alcohol, m.p. 113°. (Found, N, 
7°68. CgH,;O,NgI requires N, 7°96 per cent.). 
Benzoyl derivative of 2-bromo-4:6-dinitrophenol formed colour- 
less crystals from dilute alcohol, m.p. 94°. (Found: N, 7°39, 
C ,3H,0,NoBr requires N, 7°63 per cent.). 


2 
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Benzoyl derivative of 4-iodo-2:6- dinitrophenol was obtained in 
colourless crystals from alcohol, m.p. 175°. (Found: N, 6°98, 
C,3;H,O,NgI requires N, 6°76 per cent.). 

Acetyl derivative of 38:6-dimethyl-2:4-dinitrophenol formed 
colourless crystals from alcohol, m.p. 102°. (Found: N, 10°89. 
C1 9H, 9OgNg requires N, 11°02 per per cent.). 

Benzoyl derivative gave colourless crystals from alcohol, m.p. 
124°. (Found: N, 8°63. C,;H,,0,N, requires N, 8°86 per cent.). 

Benzoyl derivative of 4:6-dinitro-m-cresol (OH=1, CH;=8): 
gave colourless crystals from alcohol. m.p. 95°. (Found: N, 9°19. 
C,4H;90¢No requires N, 9°27 per cent.). 

Acetyl derivative of 2-chloro-4:6-dinitro-m-cresol (OH=1, 
CH,;=3) gave colourless crystals from alcohol, m.p. 118°. (Found: 
N, 10°46. C,yH,0,N,Cl requires N, 10°2 per cent.). 

Benzoyl derivative of 2-chloro-4:6-dinitro-m-cresol (OH=1, 
CH, =3) gave colourless crystal from alcohol, m.p. 117°. (Found: 
N, 8°13. ©,,H,O,N,Cl requires N, 8°32 per cent.). 


Tase I. 


Phenols. Product of reaction with Ester-reactive 
p-toluenesulphony! or not. 
chloride. 


Ester. Chloro. 
compound. 


. 2:4 :6.Tribromophenol Formed. oe Not reactive. 
. 2:4.Dibromo-6-nitrophenol a 

. 2 :6-Dibromo.4-nitrophenol . ™ 

. 2 :6-Dinitro-m.cresol (OH=1) 


. 2.Bromo-.4 :6.dinitro-m-.cresol 
(OH=1) 


. 4.Chloro-2 :6.dinitro-m-cresol 
(OH=1) 


- 8 :6.Dimethyl-2 :4-dinitro. 
phenol 


. 2.Bromo.4 :6.dinitrophenol Reactive 


2-Iodo-4 :6-dinitrophenol ” 


* cf. J. Chem, Soc., 1924, 125, 2482. 
+ cf. J. Indian Chem. Soc., 1928, 8, 300. 
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TaBLe I—contd. 
Phenols. Product of reaction with Ester-reactive 
p-toluenesulphony! or not. 
chloride. 


Ester. Chloro- 
compound. 


10. 2-6 :dinitrophenol Formed. Formed Reactive 
11. 4-Bromo-2 :6-dinitrophenol 

12. 4-Iodo-2 :6-dinitrophenol 

13. 3-Chloro-4 :6-dinitrophenol 


14. 3-Chloro-2-bromo 4 :6-dinitro- 
phenol 


15. 8-Chloro-2-iodo.4 :6-dinitro- 
phenol 


16. 3-Chloro-2 :4: 6-trinitrophenol Not formed 


17, 2-Hydroxy-4-methy!-5-nitro- Formed “ Partly reactive 
mythylbenzoate 


18. 4.Hydroxy-3-nitromethylben- 
zoate 


19. 4.Hydroxy-5-bromo-3:nitro- 
methylbenzoate 


$20. Dinitrothymol nel Not reactive 
Dinitrocarvacrol sii = 


$22. 2-Hydroxy-3-nitro-5-metbyl- ia Partly reactive 
ethylbenzoate 


We are indebted to Messrs Meister Lucius and Brunning, 
Hochst a/m (Germany), who generously placed a sufficient quantity 
of 2:6-dinitrophenol at our disposal. 


CHEMISTRY LaBORATOY, Received May 12, 1930 
Lucknow UNIversity. 


t cf. J. Indian Chem. Soc., 1981, 9, 55. 














Hetero-ring Formation from Anilino Derivatives of 
Succinosuccinic Ester. 


By GAJANAN PurusHoTTAM PENDSE AND SIKHIBHUSHAN DoutrT. 


Libermann (Annalen, 1914, 404, 272) condensed metby! succino- 
succinate with ammonia, which yielded a coloured substance, di- 
methyl-2: 5-diamino-Al: 4-cyclohexadiene-1: 4-dicarboxylate. He 
also condensed various aromatic primary amines with succinosuccinic 
ester and obtained corresponding products, which on oxidation with 
iodine yielded corresponding terephthalates. The above work was 
subsequently supplemented by Migliacci and Gargiulo (Gazzetta, 
1927, 67, 914; 1928, 58, 110). 

The internal condensation of diarylamino condensation products 
of ethyl succinosuccinate (I) with formation of pyridine derivatives 
(II) has now been brought about by the action of alcoholic 
sodium ethoxide, and in many cases even by the action of 
concentrated aqueous sodium hydroxide solution ; the resultant 


CH CO CH, NH 
EtO 2 NH'Ph sy 
AN CZ “N 


| 
C CH, N 


(Y°N4AYYN 


vee 


| 
WAVAZV4AWV4 
N CH, C 


| 
OH 


; (111) 


pyridine derivatives can be represented by (II) or (III) on account of 
the possibility of keto-enol type of tautomerism which is borne out 
by experimental facts. 

Compounds of this type are invariably coloured in the solid state 
(crimson, violet or blue) and dissolve to a yellow solution in caustic 
alkalis, the original compound being reprecipitated unchanged by 
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dilute acids. This remarkable change of colour on the addition of 
alkali is probably due to the keto-enol change. These compounds 
dissolve in concentrated sulphuric acid yielding intensely coloured 
(blue or green) solutions from which the original compounds are re- 
precipitated on dilution with water. All the compounds described in 
this paper are intensely coloured substances ranging from pink or 
crimson to blue or green in shade. They dye wool or silk from an acid 
bath containing the dyestuff in fine suspension to beautiful shades; 
they do not however dye cotton, The absorption maxima of these 
compounds have been determined in the experimental. 

The facts that the compounds dissolve in concentrated sulphuric 
acid with deep blue or green colour and also that they do not liberate 
carbon dioxide on the addition of dilute sodium bicarbonate and do not 
yield metallic salts or esters, show clearly enough that they are 
entirely different from the diarylaminoterephthalic acids prepared by 
Libermann (loc, cit.). 

The nomenclature of these compounds have been based on the 
consideration that they may be supposed to be derivatives of acri- 
quinolines (like acrindoles of Clemo, Perkin and Robinson, J. Chem. 
Soc., 1924, 125, 1769) of the following skeleton: 


The following aromatic primary amines have been condensed with 
ethyl succinosuccinate and the condensation products subsequently 
treated with alcoholic sodium ethoxide for internal condensation and 
formation of the corresponding hetero-ring compound: aniline, o-, 
m-and p-toluidines, o-and p-anisidines, 0-and p-phenetidines, 1: 3: 4- 
xylidine, a-and #-naphthylamines, o-and p-aminophenols, o-amino- 
acetanilide and p-aminoacetophenone. Attempts to prepare hetero- 
ring compounds from primary diamines and secondary amines were 
unsuccessful. 

EXPERIMENTAL. 


The condensation of ethyl succinosuccinate with primary aro- 
matic amines were carried out with only slight modifications of the 
original method described by Libermann (loc. cit.) to suit individual 
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cases, The properties of these compounds, many of which have now 
been prepared for the first time, have been given in Table I. 

The above mentioned anilino derivetives of succinosuccinic esters 
were then subjected to internal condensation to yield the final hetero- 
ring compounds. The preparation of one of them is given below. 
The rest were prepared in similar ways with slight modification 
according to individual cases. 


6: 9-Dihydro-5 : 22-dihydroxyacriquinoline. 

2: 5-Dianilinocyclohexane-1: 4-dicarboxylate (3 g.) was refluxed 
for about three hours with a freshly prepared solution of sodium 
ethoxide (30 c.c. of 10 p.c.) in absolute aleohol. The colour of the 
solution gradually changed from dark orange to light yellow as the 
reaction proceeded to completion and the disodium salt of the con- 
densation product was deposited in crystalline flakes at the bottom of 
the reaction vessel. The mixture was then cooled, diluted with 
water, filtered and the yellow filtrate acidified with dilute hydro- 
chloric acid when a fine violet precipipitate was thrown down. This 
was collected and crystallised from dilute alcohol. 

Generally speaking all these types of compounds are soluble in 
alcohol, acetone, acetic acid and pyridine etc., but insoluble in ben- 
zene or ether. The properties of these compounds are summarised 
in Table II. 


TABLE I, 


Condensation Products of Succinosuccinic Ester with Primary 
Aromatic Amines. 


(—cycloHexane-1-4 : -dicarboxylate=C), 
Name. M. p. Appearance. 


Diethy1-2 :5-dianilino-C. 163° Orange red needles. 
Dietheyl-2 :5-di-o-toluidino-C. 181° Orange to deep rose red needles, 
*Diethyl-2 :5-di-m-toluidino-C. 143° Yellowish red needles. 
Diethy]-2 :5-di-p-toluidino-C. 214° Deep orange red needles. 
Diethy!-2 :5-di-o-anisidino-C. 159° Scarlet red prisms. 
Diethyl-2 :5-di-p-anisidino-C. 191° Orange needles. 
Diethyl-2 :-di-o-phenatidino-C. 201° Scarlet red needles. 
Diethyl-2 :5-di-p-phenatidino-C. 197° Deep red crystals. 
*Diethyl-2 :5-di-1 :3 :4-xylidino-C. 155° Orange red needless. 
Diethyl -2 :5-di-a-naphthylamino-C. 230° * *” ” 
Diethyl-2 :5-di-8-naphthylamino-C. 228° Rose needles. 
<Diatagt- -2 :5-di-o-hydroxyamino-C. 122° Deep red needles. 
-p- 113° ~— Reddish brown crystals, 

*Disthyl: -2 35- di-p-acetylaminoanilino- -C, 179° BR ~ es 

- » acetylanilino-C. 119° a o 


* New compounds prepared by the authors. 
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Constitution of 8-Naphthapyrones. 


By Browan Brnari Dey, Rusucunpay Harr RAMACHANDRA Rav AND 
YEGNARAMA SANKARANARAYANAN, 


There has been considerable uncertainty regarding the structures 
of the coumarins derived from 8-naphthol. Kauffmann (Ber., 1883, 
16, 683), who obtained a naphthapyrone (m.p. 118°) by heating 
8-naphthol-aldehyde with sodium acetate and acetic anhydride, 
formulated it as 1:2-88-naphthapyrone having the constitution (I). 


oO 
CT. co 
4 /\G 0H 

CH 

(1) 

It will be readily seen, however, that since the aldehyde group 
in B-naphthol-aldehyde may be attached to either position 1 or posi- 
tion 8 in the naphthalene ring, the pyrone derived from it may have 
the following alternative structure of 1:2-8a-naphthapyrone (II). 


CH 
HC co 


AA» 
U 


(II) 


Kauffmann himself regarded his aldehyde (m.p. 81°) as 8-naph- 
thol-B-aldehyde, and hence assigned formula (I) to his pyrone. 
Gattermann (Ber., 1899, 32, 285). on the other hand, in view of the 
great mobility of the o-hydrogen atom in 8-naphthol, formulated the 
same aldehyde as f-naphthol-a-aldehyde. In the latter case, the 
pyrone derived from it would obviously have formula (II). 

Pechmann and Welsh (Ber., 1884, 17, 1651) claimed to have pre- 
pared, by the usual method of condensation of 8-naphthol and malic 
acid in presence of hot concentrated sulphuric acid, a @-naphtha- 
pyrone crystallising in yellow needles (m.p. 141°), different from 
that described by Kauffmann, but no definite structure seems to 


3 
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have been assigned to the compound by these authors. Since then, 
it has been customary in literature to refer to Kauffmann’s compound 
as 8-naphthacoumarin and to Pechmann’s compound as iso-8-naphtha- 
coumarin, without defining clearly the precise nature of their 
difference. 

The aldehyde prepared from #-naphthol in the usual manner is 
now generally considered to be the 2-hydroxy-1-naphthaldehyde, but 
direct proof of such a constitution has been lacking. Recently, 
however, Boehm and Profft (Arch. Pharm., 1931, 269, 25, 37) 
claim to have synthesised the isomeric 2-hydroxy-J-naphthaldehyde 
(m.p. 99-100°) by the reduction of the acid chloride of 2-naphthol- 
8-carboxylic acid with palladised barium sulphate, thereby setting at 
rest all doubts regarding the constitution of the other aldehyde. 
Boehm and Profft have also succeeded ia preparing from the new 
aldehyde, by the application of Perkin’s reaction, another isomeric 
8-naphthacoumarin (m.p. 164°) which is different from both Kauff- 
mann’s and Pechmann’s compounds, and which must obviously be 
the 1:2-88-naphthapyrone of structure (I). The formule of the two 
8-naphthacoumarins prepared by Kauffmann (structure II) and by 
Boehm and Profft (structure I) respectively, having thus been 
definitely established, there remains no other suitable alternative 
formula to be ascribed to the compound (m.p. 141°) described by 
Pechmann and Welsh(loc. cit.). Moreover, the melting point recorded 
for the latter compound is fouud to be the same as that of a-naphtha- 
coumarin (1:2-c8-naphthapyrone), and it seemed, thererefore, to 
be very necessary to clear up all doubts or confusion existing in the 
matter by a careful repetition of Pechmann and Welsh’s work. The 
condensation of §-naphthol and malic acid has now been carried out 
several times with all necessary precautions; the results, which are 
the same in all cases, are found to be very different from those re- 
corded by previous workers. An orange yellow substance with a 
beautiful green metallic reflex and of a highly colloidal character, not 
melting even at 320°, was invariably obtained, while the aqueous 
sulphuric acid solution yielded, on repeated extraction with ether, 
small amount of colourless crystals (m.p. 118°) which was identified 
as Kauffmann’s 8-naphthacoumarin, both by analysis and by the 
method of mixed melting points. No trace of the compound (m.p. 
141°) mentioned by Pechmann and Welsh (loc. cit.)was ever obtained. 
The orange solid, which is soluble to some extent in water, appears 
to have an acidic character as it dissolves in cold alkalis and even in 
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alkali carbonates to form perfectly colourless solutions. Indeed, the 
change from deep orange to colourless is so sharp and marked that 
the substance ought to serve as an excellent indicator for alkalis. 
Acids reprecipitate the orange solid in a finely divided, almost colloi- 
dal condition. This interesting body has so far been obtained in only 
very poor yields, and a fuller account of its composition and proper- 
ties has to be deferred till a sufficient quantity has been accumulated. 


The problem of the constitution of the methyl-8-naphthacoumarin 
obtained from 8-naphthol and ethyl acetoacetate (Bacovescu, Ber., 
1910, 48, 1280) has also not been satisfactorily solved. Two alterna- 
tive structures, corresponding to (I) or (II), are also possible in this 
case, according as the carbon atom in the naphthalene nucleus taking 
part in this condensation is in 1 or 3 positions, thus :— 


CH 


oO 

on H,C’C ry” 
By OCH O 

ee OY 


CH; \VA\4 
(III) (IV) 


Attempts were made (Dey, J. Chem, Soc., 1915, 107, 1615) to 
arrive at a choice between these two constitutions by oxidising the 
4-methy]-8-naphthapyrone to the corresponding 2:3-(or ::1)-naphthol- 
carboxylic acid, but they have hitherto been unsuccessful. The 
structure (IV) has however been advocated for this coumarin, 
although no direct proof of this constitution is available, mainly on 
the following grounds : 


(a) The condensations of phenols with malic acid, and with 
ethyl acetoacetate, in presence of sulphuric acid, have always 
been found to proceed on the same lines, the unsubstituted couma- 
ring and the corresponding 4-methyl substituted coumarins being 
respectively obtained by the two reactions. 

(b) Since it is now definitely proved that the product of condensa- 
tion of 8-naphthol and malic acid is identical with the coumarin 
obtained by Kauffmann from 2-hydroxy-l-naphthaldehyde, and has, 
therefore, structure (II), it may reasonably be inferred that the 
methylnaphthacoumarin prepared from 8-naphthol and ethyl aceto- 
acetate has also a similar, i.e., Ba-structure (IV). 
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(c) An additional and important reason for giving preference to 
structure (IV) lay in the observation (Dey, loc. cit., 1616) that the 
ethyl ester of the naphthacoumarin-4-acetic acid prepared from 
8-naphtho! and ethylacetone dicarboxylate, behave differently from the 
other coumarin-4-acetic acid ethyl esters and also from the isomeric 
a-naphthacoumarin-4-acetic acid ethyl ester prepared from a-naphthol 
and ethylacetone dicarboxylate, the latter being known to have struc- 
tures akin to (III). On warming the ester with concentrated sulphuric 
acid, it lost the elements of a molecule of alcohol and formed a com- 
pound of the formula C,,;H,03. Since this reaction is exceptional, 
the other coumarin-4-acetic acids remaining unchanged under these 
conditions, it has been interpreted as evidence in favour of sructure 
(IV) for 8-naphthacoumarin-4-acetic acid, and therefore for 4-methy|-8- 
naphthacoumarin, the latter being obtained quantitatively from the 
former by heating above its melting point. The compound, C,,;H,0; 
designated 5-hydroxy-2-keto-peri-peri-naphthindenofuran, is supposed 
to be formed in the following manner :— 


CH, CH CH CH 


EtO‘0C'CH, ‘C OCY\ 4 6m HO: y00) WN co 
oe mon | OLS 


If a seni be accepted it would undoubtedly constitute 
an important evidence in favour of structures (IV) and (V) for methyl- 
B-naphthacoumarin and 8-napthacoumarin-4-acetic acid respectively. 
It must nevertheless be recognised that the arguments which have so 
far been adduced seem to furnish only indirect proofs, and fresh and 
more direct evidence in support of the proposed constitutions would 
be most welcome. This has now been obtained in connection with the 
study of coumarin-3-acetic acids which has been recently started in 
this laboratory. §8-Naphthol is found to condense with ethyifarmyl 
succinate in presence of sulphuric acid in the normal manner 
giving rise to a coumarin-3-acetic acid, m.p. 264°, (methyl ester, 
m.p. 149°) (Dey and Sankaranarayanan, J. Indian Chem. Soc., 
1931, 8, 827). The same acid has now been synthesised from 2-hy- 
droxy-l-naphthaldehyde by heating with sodium succinate and succi- 
nic anhydride, thereby fully revealing its constitution as 1:2-fa- 
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naphthapyrone-3-acetic acid. The following scheme explains the 


reactions involved. 
Cc’ — CO,H 


OC'H 
OH | H,80 my 
hein 
+ 
COOEt 


Ps 


CHO CH,'CH,‘CO,Na 


( OH + COONa 


This observation has thus proved to be of great interest and value 
on account of the light it throws on the constitution of the coumarins 
arising from 8-naphthol. It indicates very clearly that it is the hy- 
drogen atom in 1 and not that in the 8 position of 8-naphthol, which 
participates in the reaction with 8-ketonic esters under the conditions 
of Pechmann’s condensation, and as a consequence, confirms the 
structures previously assigned to 4-methyl-8-naphthacoumarin (m.p. 
179°) and 8-naphthacoumarin-4-acetic acid (m. p. 191°). 

Considerable amounts of the dicoumarin, 3 :8-di-1 :2-S8a-naphtha- 
pyrone, were also formed in the reaction between (-naphthol-aldehy- 
de and sodium succinate, according to the “es equation. 

cs Toh 


CHO | 
OH  HOOU 008 
Ks _> 


—aw a ¢: 


cO OC 


a 


ae 
a 
Oi 
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EXPERIMENTAL. 


Condensation of B-naphthol and malic acid.—A mixture of B-naph- 
thol (14°4 g.) and malic acid (12°5 g.) was heated on wire gauze with 
concentrated sulphuric acid (30 c. c.). In the initial stages of heat- 
ing, the liquid mixture, for some unexplained reason, completely 
solidified. It liquefied again on continuing the heating, and after a 
short time, began to evolve carbon monoxide. As soon as the mix- 
ture commenced frothing vigorously, the burner was removed and 
the reaction allowed to complete of itself. The cold dark red melt 
was mixed with cracked ice (500 g.) and allowed to stand for 4 hours. 
The main bulk of the deeply coloured solution was decanted from the 
very fine solid which had settled to the bottom, and the latter sepa- 
rated from the small amount of mother-liquor by centrifuging, the 
fineness of the particles making filtration almost impossible. The 
solid was washed by stirring with small volume of water, again cen- 
trifuged, dried and powdered. A bright orange yellow crystalline 
powder with a splendid metallic sheen was thus obtained, weighing 
approximately 0°6 g. It showed no signs of melting even when 
heated to 320°. The substance hardly dissolved in alcohol, ben- 
zene, etc., and could not therefore be crystallised from these sol- 
vents. When triturated with excess of water it went into an opales- 
cent, collofdal solution, having a deep orange colour, which became 
instantly clear and colourless on adding a few drops of dilute alkali or 
alkali carbonate solutions. 

The filtrate from the above was extracted four times with ether, 
the green fluorescent ether extract evaporated to dryness, and the 
brownish solid residue rubbed for a few minutes with 2 p.c. caustic 
soda, and filtered. It was _ finally crystallised twice from 
50 p: c. alcohol in pale yellow needles (m.p. 118°); yield, nearly 1 g. 
There was no depression of its melting point when mixed 
with a specimen of the #-naphthacoumarin (m.p. 118°) pre- 
pared by Kauffman’s method. The identity of the substance with 
Kauffmann’s coumarin was further confirmed by converting it into 
the trans-o-coumaric acid by heating with sodium sulphite and alkali 
according to the method of Dey and Row (J. Chem. Soc., 1924, 125, 
554). Both of them yielded the same acid, m.p. 165° (decomp.). 

Action of sodium succinate and succinic anhydride on 2-naphthol- 
l-aldehyde: Formation of 1:2-8a-naphthapyrone-3-acetic acid, and 
3 :3-di-1 :2-Ba-naphthapyrone.—B-Naphthol-aldehyde (7g.) and sodium 
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succinate dried at 140° for 8 hours (7 g.) are intimately mixed with 
freshly made succinic anhydride (14 g.) and heated under air reflux 
on an oil-bath at 180° for 5 hours. On cooling, the hard mass was 
broken up and left in contact with a solution of sodium carbonate 
(17g. in 50 c.c.) for 12 hours. The reddish solution was filtered from 
the insoluble residue, the filtrate carefully acidified with HCl, and the 
brown coloured precipitate collected, washed and dried. It melted 
at 250-55°, and weighed 3°8 g. It was insoluble in water and dis- 
solved very sparingly in alcohol but more readily in hot glacial acetic 
acid. A single crystallisation from the latter solvent raised the 
melting point to 264°, not depressed by admixture with the product 
obtained from 8-naphthol and ethylformy! succinate (Dey and San- 
karanarayanan, loc. cit.). (Found: M. W., (by titration with N/10 
alkali), 251. C,,H,,0,4 requires M.W., 254). 


The methyl ester, prepared in the usual manner, melted at 149°, 
and was identified with the methyl ester of the corresponding acid 
obtained from ethylformy] succinate. 


The insoluble residue which had a dark yellow colour was left in 
contact with N-alkali (60 c.c.) for 2 hours, filtered, and the residue 
thoroughly washed with cold water. The clear filtrate, on acidifica- 
tion, deposited a small quantity of an impure tar whick could not be 
investigated further. The yellow residue still melted indefinitely 
(270-90°); it was purified by boiling for 5 minutes with N/2-alkali 
(50 c.c.), and quickly filtering the hot solution. Two such washings 
raised the melting point of the crude product to 880°, yield 1°9 g. 
(approx.). It was practically insoluble in alcohol, benzene, acetic 
acid and the other common organic solvents; it dissolved 
sparingly in boiling pyridine and more readily in hot nitrobenzene, 
and was finally crystallised from the latter solvent and washed with 
hot alcohol. Beautiful golden yellow needles, m.p. 345°, yield 
14g. (Found: C, 79°27; H, 38°79. CogH,40,4 requires C, 80°0 
H, 3°59 per cent.). 


PRESIDENCY COLLEGE, : 
Mapras. Received December 24, 1931. 

















On a New Method of Preparation of Hexammine-tri-ol- 
dicobalti-chloride and the Preparation of some 
Nuclear Polymers. 


By Tusinanesu Das-GupTa AND PuLin BrHari SARKAR. 


Both from our work on the thiosulphato-aquo-tetrammine-cobaltic 
salts (J.Indian Chem. Soc., 1930, 7, 885), and that of Ray on the thio- 
sulphato-pentammine-cobaltic series (J. Indian Chem. Soc., 1927, 4, 
64) it is apparent that S,O, radicle takes up one co-ordination posi- 
tion only in the cobaltammine complexes. 

Attempt was made to introduce 8,0, radicle within the com- 
plexes of the triammine series. Our starting material was according- 


Cle 
ly the dichrocobaltic salt, | CoC) Cl which was obtained 
H,O 


(NO2)s 
by the action of concentrated hydrochloric acid on [co ] by 
(NH); 
the method of Jérgensen (Z. anorg. Chem., 1898, 17, 475). 
Reaction with sodium thiosulphate gave rise to the decomposition 
of the complex even at low temperatures with the formation of a 
very small amount of a red salt which was proved to be tetrahydrated 
hexammine-tri-ol-dicobalti-thiosulphate. The triammine cobaltic 
salts are generally very unstable, on the other hand, the condensa- 
tion product of the triammines, which have very little been studied, 
are much more stable. Werner obtained a series of brownish red 


/ OH 


salts of the formule [ (NH3)3 Co — Co(NHs)s | X; by 
OH 


— ~~ J 





(A) 

careful addition of dilute caustic soda on the dichrocobaltic chloride. 
The yield as pointed out by him is too small for practical utility 
’ and the maximum yield obtained by him is 0° g. from 5g. of the 
dichrosalt ; cf. E. Birk (Z. anorg. Chem., 1928, 175, 405) who has also 
by amodification of Werner’s method using caustic potash and 
excess of ammonium chloride instead of caustic soda been able to 
increase the yield from 0°5 to 1°8 g. 


4 


ee 
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As regards the mechanism of the formation of the condensation 
product Werner assumed the following. 


Cl H,0) = 
one Co (NH). | cl—> [c, me Cl, 
(OH), 
ee +8HCI 
" uy)? [ oo (NH i Cl;—> [A]Cl; +38H,0 


If the above mechanism is to na assumed it naturally follows that 
the hydrolysis and the subsequent removal of the free acid is the 
prominent factor in bringing about this coupling. Werner, therefore, 
added the calculated amount of caustic soda very carefully from a 
burette, the temperature being kept low. 

It suggested to us that if we can use a suitable reagent which will 
favour the hydrolysis and keep the solution at proper pu, better yield 
of this condensation product would be expected. We, accordingly, 
used instead of caustic soda, hexamethylenetetrammine and have 
been able thereby to increase the yield from 0°5 g. of Werner to 
2°5 g. We have thusfound a new method of preparation of the 
hexammine-tri-ol-dicobalti salts. 

From the hexammine-tri-ol-dicobalti salts, which is much more 
stable than its parent dichro-cobalt salt, by double decomposition 
with sodium thiosulphate, the hexammine-tri-ol-dicobaltic thiosulphate 
of the formula (I) is obtained. 

[A] (S203)3, 4H,0 
(I) 

By the action of sodium thiosulphate, which is also hydrolysing 
agent, on dichrocobalt chloride, a very small amount of red salt was 
obtained which was found to be identical with the above compound. 

By double decomposition of dodecammine-hexol-tetracobaltic 
nitrate with sodium thiosulphate a black salt of the formula (II) is 


obtained 
Ill OH 
Cod  Co(NHs), ] (S,03)3, 4 H,0 
OH 3 


— 4 








(11) 
wnich is a co-ordination isomer of the red salt (I). 

















PREPARATION OF HEXAMMINE-TRI-OL-DICOBALTI-CHLORIDE 81 


EXPERIMENTAL. 


Preparation of the hexammine-tri-ol-dicobaltic chloride.—Werner 
(Ber., 1906, 39, 2674 ; Werner and Griin, ibid., 1907, 40, 4834) first 
prepared the above compound by careful addition of calculated 
amount of NaOH on dichrocobalt chloride. The yield obtained by him 
was only 12°5 p.c. of the theoretical, whereas by the following 
procedure we obtained 62°5 p. c. of the theoretical yield. 

5 G. of the dichloro-aquo-triammine cobaltic chloride (known as 
the dichro-cobalt-chloride) were moistened with 5 c.c. of water in a 
small beaker and the mixture was heated over a tiny flame till complete 
mixing was effected. To the above solution, 15 g. of ‘urotropine’ was 
added and the temperature was raised to 45° by keeping the mixture 
for a few minutes on a hot water-bath. It was then removed from the 
water-bath and quickly filtered under suction. The red thick liquid 
thus obtained was placed in a freezing mixture of ice and salt. Brow- 
nish-red needle shaped crystals were obtained. The yield of the crude 
product was 29g. This was purified by dissolving in 10 c.c. of 
water by careful heating on the water-bath. The solution was filtered 
and absolute alcohol was added drop by drop until turbidity 
appeared. It was again dissolved to a clear liquid on warming. The 
filtered solution began to crystallise on cooling, yield 2°5 g. (Found: 
Co, 29°72 ; NH, 25°57 ; Cl, 27°04. [A] Cl,;, HyO requires Co, 29°83; 
Ns, 25°79 ; Cl, 26°90 per cent.). 

Preparation of hexammine-tri-ol-dicobaltic thiosulphate.—4 ‘. of the 
hexammine-tri-ol-dicobaltic chloride were dissolved in 20 c.c. of water 
and to the clear filtered solution, powdered sodium thiosulphate (4 g.) 
was added and the whole vigorously stirred. A dull red product was 
obtained. It was drained, first washed with cold water, then with 
dilute alcohol and finally with absolute alcohol. The yield is 2°5 g. 
The product is insoluble in water. (Found: Co, 24°69; 8, 20°33; 
NH;, 21°38. Formula (I) requires Co, 24°84 ; S, 20°21 ; NH;, 21°47 
per cent.). 

Preparaiion of dodecammine-hezol-tetracobalti-thiosulphate—Dia- 
quo-tetrammine-cobaltic nitrate obtained from the carbonato-tetram- 
mine salt is acidic in aqueous solution. When it was neutralis- 
ed with NaOH or KOH and kept in air, shining black crystals of 
dodecammine-hexol-tetracobaltic nitrate are obtained. Dodecam- 
mine-hexol-tetracobalti-nitrate has been prepared by adding pyridine 
to a hot dilute acetic acid solution of diaquo-tetrammine-cobaltic 
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nitrate according to the method of Werner (Ber., 1907, 40, 2108). 
(Found: Co, 25°93 ; NH;, 22°16. Dodecammine-hexol-tetracobalti- 
nitrate requires Co, 25°82 ; NH, 22°32 per cent.). 

4°5°G. of dodecammine-hexol-tetracobalti-nitrate were dissolved in 
25 c.c. water and 2°5 g. of powdered sodium thiosulphate were added 
to the solution and stirred. A black crystalline substance was 
obtained. It was drained, washed first with cold water in which it was 
almost insoluble and finally with absolute alcohol. The yield was 3 g. 
(Found: Co, 24°61 ;S, 20°30 ; NH;, 21°33. Formula (II) requires 
Co, 24°84 ; 8, 20°21 ; NH;, 21°47 per cent.). 

It is interesting to observe that the black crystalline dodecam- 
mine-hexol-tetracobalti-thiosulphate and the red crystalline hexam- 
mine-tri-ol-dicobaltic thiosulphate are two co-ordination polymers. 


InoreAnic ReszaRcH LaporaTorRy, 
Untversity Conuece or Science, Caucurra. Received January 20, 1932. 














Some New Hydrocupreid'ne Derivatives. Part II. 
By Sup#aMoy GHosH AND Nigar Ranjan CHATTERJEE. 


In continuation of our previous paper (J. Indian Chem. Soc., 
1981, 8, 257) in which some isoalky] derivatives of hydrocupreidine 
were described, the present paper deals with the preparation and pro- 
perties of the corresponding and other n-alkyl derivatives of the same 
base. The therapeutic values of these derivatives are being studied. 
isoB uty! hydrocupreidine, which previously failed to crystallise, has 
now been included in the paper. 


EXPERIMENTAL. 


The n-alkyl hydrocupreidines and their hydrochlorides described 
below were prepared, except where otherwise mentioned, in the same 
way as the isoalkyl hydrocupreidines (loc. cit.). 

n-Propylhydrocupreidine.—It is soluble in alcohol, ether and 
benzene. It crystallised from acetone in thin long, colourless needles, 
m.p. 182°. La] }*=+206'25° (c=1 in chloroform). It gives a bluish 


flourescence with dilute sulphuric acid. Yield, 1°9g. from 6 g. of 
hydrocupreidine. (Found: N, 8°04. CogHso9QgNe requires N, 7°90 
per cent). 

n-Propylhydrocupreidine hydrochloride crystallised from water as 
long, colourless needles, m.p. 222° (decomp.). It is readily solu ie 
in water and alcohol. [a] p = +227°6° (c=i in water). (Found: 


Cl, 16°23. CgoH390gNe, 2HC! requires Cl, 16°60 per cent.). 
n-Butylhydrocupreidine crystallised from moist acetone in colour- 
less needles, m.p. 176°. It is soluble in absolute alcohol, ether, 
chloroform an¢@ benzene. It gives a bluish flourescence with dilute 
sulphuric acid, [a])*= +1946. (c=1 in chloroform). Yield, 2 g. 


from 6°26 g. of hydrocupreidine. (Found: N, 7°41. CosHs902No 
requires N, 7°60 per cent.). 

n-Butylhydrocupreidine hydrochloride crystallised from water in 
colourless needles. It is soluble in water and alcohol and melts with 
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decomposition at 226° to a dark brown liquid. [a}2°=+215° (c=1 in 


water). (Found: Cl, 16°04. Co,;H3,0,N2,2HCl requires Cl, 16°08 per 
cent.). 

n-Amylhydrocupreidine crystallised from acetone in long colourless 
needles, m.p. 164°. It is soluble in absolute alcohol, ether, chloro- 
form and benzene. It gives a bluish flourescence with dilute sulph- 
uric acid, [a]? = +189°25° (c=1 in chlorofom). (Found: N, 7°24. 


Cy,4H;4OgNg requires N, 7°33 per cent.). Yield, 3°15 g. from 6°26 g. 
of hydrocupreidine. 

n-Amylhydrocupreidine hydrochloride crystallised from water in 
silky needles, m.p. 228°. It is soluble in water and alcohol. 
[a]* = +212°5° (c=1 in water). (Found: Cl, 15°33. Cy,H;,02No, 


HCI requires Cl, 15°58 per cent.). 

n-Heptyl hydrocupreidine crystallised from acetone in long, colour- 
less, silky needles, m.p. 158°. It is soluble in alcohol, chloroform 
ether and benzene. It gives a bluish fluorescence with dilute sul- 
phuric acid. [a}> = +179°75° (c=1 in chloroform). (Found: N, 6°87. 


CogHs3g02Ny requires N, 6°82 per cent.). Yield, 2°5 g.from 6°26 g. 
of hydrocupreidine. 

n-Heptylhydrocupreidine hydrochloride crystallised from water in 
colourless needles, m.p. 215°. It is readily soluble in absolute alcohol 
but less soluble in cold water. [a]**=+195° (c=1in N/50 HCl). 


(Found: Cl, 14°78. CygH3,0gN 9, 2HCI requires Cl, 14°68 per cent.). 


n-Octylhydrocupreidine.—As the hydrochloride of this base was 
very sparingly soluble in water, the method of isolation from the 
reaction product was slightly different. After the reaction, the mix- 
ture was cooled and poured into water when the base soon separated 
out on stirring as a brown powder The mother-liquor was kept 
strongly alkaline by the addition of caustic soda so as to dissolve the 
unchanged hydrocupreidine and left overnight. It was then filtered, 
washed and dried. It crystallised from acetone in thin needles. It 
was also found that the molecular copper which was used as catalyst 
deposited on the walls of the reaction flask as a mirror. It seems 
that the copper went into combination during the reaction and was 
afterwards liberated as such. The base melts at 151° to a brown 
It is soluble in absolute alcohol, chloroform, ether and ben- 


liquid. 
It gives a bluish fluorescence with dilute sulphuric acid. 


zene. 
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[a]>? =+170°75° (c=1 in chloroform). (Found: N, 6°66, 


Coz7H4,0,Ny requires N, 6°60 per cent.). Yield, 8°85 g. from 6 g. 
of hydrocupreidine. 

n-Octylhydrocupreidine hydrochloride crystallised from hot water 
in colourless, silky needles, m.p. 210°. It is soluble in hot water and 
alcohol and sparingly so in cold water and acetone. [ajs’ = +182°5° 


(c=1 in N/10 HC). (Found: Cl, 18°81. Co;H, 90gNg, 2HC! requires 
Cl, 14°26 per cent.). 

isoButyl hydrocupreidine crystallised well from acetone in colour- 
less needles, melting at 175°. It is soluble in alcohol, ether and ben- 
zene, [o]°= +186°7° (c=2 io chloroform). It gives a bluish 


fluorescence with dilute sulphuric acid, (Found: N, 7°38. C,,H3202N, 
requires N, 7°60 per cent.). 

In conclusion, we desire to express our grateful thanks to Lt. Col. 
H. W. Acton, C.I.E., at whose suggestion we took up the work, for 
affording all the facilities for carrying it out. 


DEPARTMENT OF CHEMISTRY, 
ScHoon or TropicaL MEDICINE Received January 20, 1932. 


AND Hyaiene, CaLcurtTa. 




















A Note on the Calculation of the Space Displacements 
of Terminal Carbon Atoms in Ring Formation. 


By K. R. Gunsrxar anv T, 8. WHEELER. 


Short (Chem. News, 1926, 138, 149) points out that in certain 
cases a good measure of the tendency toring formation of a uniplanar 
polymethylene chain is given by what he calls the ‘‘ approach 
value’’. This conception was first introduced by Ingold (J. Chem. 
Soc., 1921, 119, 307), whose definition is, however, rather vague. 
He merely refers to his values as showing ‘‘ by how much ”’ the 
terminal carbon atoms of a normal polymethylene chain must 
approach one another in forming the corresponding uniplanar cyclo- 
paraffin ring. An examination of his results indicates that, taking 
as the unit, the distance between two adjacent carbon atoms in 
the unstrained chain, the ‘‘ approach value ’’ is half the difference 
in the distance between the terminal carbons before and after dis- 
placement. 

Approach values have been calculated for special cases by Ingold 
and Short, but the general formula relating them to the valency 
angle (i.e., the angle between each pair of carbon-to-carbon valencies 
in the unstrained chain), and to the number of carbon atoms in 
the chain, has not yet been given. The derivation of the formula 


is shown in what follows. 


The general formula for approach values.—Consider an 
unstrained chain with n methylene groups, and join without dis- 
placement the terminal carbon atoms 1 andn. Letabe the dis- 
tance between the adjacent carbon atoms in the chain, and let 
26° be the valency angle. 

If (1, n) is the distance between the terminal carbon atoms 
before ring formation, then half the difference in the distances 
between the terminal carbcn atoms before and after displacement is 


(1, n)—a 
2 
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and since the approach value is this quantity when a is taken to 
be the unit of distance, we have, approach value 


(1, n)—a 
—- 


The angle between (1, n) and (1, 2) is given by 





= "= (90-6)(n—2)°. 


This can be seen by joining any point O in (1, ) to all the carbon 
atoms, and considering the angles of the (n—1) triangles so formed. 
The sum of these angles amounts to (n—1)(180)°. From this must 
be deducted the angle of 180° at O, and also (n—2) angles each 
equal to 20°, in order to obtain the sum of the two equal angles 
between (1, n) and, respectively, (1, 2) and (n—1, n). 


The angle between (1, n) and (2, 3) is 
[(90-6)(n-2) —(180-20)]? = (90-—6)(n—4)°. 
Proceeding in this way we obtain, 
(1, n)=a[cos (90—6)(n —2)° + cos (YO—6)(n —4)° +... + cos (n—2) 


(n—1)(90—8)°] a sin (n—1)(90-—6)° 





cos 6° 
From which we have, approach value 
—(1n)-a __ sin (n —1)(90-6)° _. 
2a 9x 2 cos 6° ™ ~ & 





This general formula yields the values given by Ingold and Short 
for the particular cases they considered. 

Thus for 26=115°3°, the valency angle assumed by Ingold, 
and n=4, we have, approach value 





sin (4—1)(90—57°6)° uae a sin 97°2° -% 
2 cos 57°6° 2 cos 57°6° 
"992 4 a 
ToT 5 a °437 


which agrees with the value given by Ingold. 
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Since the general formula for the angle of strain is 
SS ]: wee (2) 


it is clear from a comparison of (1) and (2), that there is no simple 
relation between a and the approach value. Accordingly the com- 
parison made by Ingold (loc. cit.) between the heats of formation 
of a series of cycloparaffin rings, the Baeyer values for a, and the 
approach values calculated from the Ingold value for 6, is meaning- 
less and cannot lend support to any theory. Short (loc.cit,) has 
in fact shown by calculation that the approach values calculated 
from the Baeyer value of @ are in as good functional agreement 
with the thermal values as those calculated from Ingold’s value 
of 0. 

The discussion has here been confined to uniplanar rings. 
Ruzicka and his collaborators have shown (Helv. Chim. Acta, 1926, 
9, 230, 249, and subsequent papers) that polymethylene rings con- 
taining a large number of carbon atoms can be formed, strain 
being relieved by the rings ceasing to be uniplanar. We hope to 
investigate the general conditions under which the approach value 
for a multiplanar ring can become zero. This involves complete 
removal of strain. 


Royar. Instrrut® oF Science, Received January 28, 1932. 
BomBay. 

















Introduction of Arsenic into Coumarin Nucleus. 
Part II. 


By M, Goswami anp H. N. Das-Gupta. 


It has already been pointed out in our previous communication 
(J. Indian Chem. Soc., 1981, 8, 417) that the groups-O—CO- 
and -CH=CH-— present in coumarin nucleus together with arsenic 
might prove to have some effect in the treatment of tuberculosis. 
The present paper deals with certain new substituted coumarins 
and naphthacoumarins containing the same therapeutically active 
components in the nucleus. The following compounds are described 
in the present paper: 7-methylcoumarin-5-arsinic acid (I), 4:7- 
dimethylcoumarin-6-arsinic acid (II), 1:2-a-naphthapyrone-6-arsinic 
acid (III) and 4-methyl-1 :2-a-naphthapyrone-6-arsinic acid (IV). 


- 
Ss Ot Sl cs 
(0H), (OH), CH, 
(I) (11) 
co co 
O « “ye 
CH | bes: 
A " @ 
© , 4 
(III) (IV) 


These have been prepared from their amino derivatives by Bart’s 
reaction and unlike the arsenic derivative of coumarin (loc. cft.), 
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they all gave monoderivatives. Attempts to introduce arsenic 
into 8-amino-4-methyl-7-hydroxycoumarin and 8-amino-4-methyl- 
7-methoxycoumarin were not successful. 

It appears that no attempt has yet been made to nitrate 1 :2- 
a-naphthapyrone. The compound was nitrated by a mixture of 
fuming nitric acid and acetic acids. The position at which the nitro 
group entered the nucleus was supposed to be ‘‘6’’ from an analogy 
of the other nitro derivatives of coumarin. 


The arsenic compounds described are generally light yellow in 
colour and dissolve very easily in caustic alkalis and alkali carbo- 
nates from which hydrochloric acid precipitates the original 
compounds. 


EXPERIMENTAL. 


7-Msthylcoumarin-6-arsinic acid.—7-Methy1-6-aminocoumarin (4 g.) 
was dissolved in a mixture of hot water (30 c.c.) and _ hydro- 
choloric acid (6 c.c.) and the mixture was heated to boiling and then 
suddenly cooled to 0°, the object being to obtain the sparingly 
soluble hydrochloride in a fine state of division. The amino 
compound was then diazotised in the usual manner using a solution 
of sodium nitrite (2g.) in water (10c.c.) and the diazo solution 
gradually added to well cooled alkaline solution of sodium arsenite 
prepared from sodium carbonate (8 g.) arsenious acid (8 g.) water 
(100 c.c.) and copper sulphate (16 g.) as catalyst, and the whole 
mass was kept well stirred during the operation. The stirring 
was continued for one hour more after the addition of the diazo- 
solution. The separated tarry and insoluble matters were filtered 
off. The filtrate concentrated to a low bulk, boiled with 
animal charcoal and filtered hot. It was then cooled to the room 
temperature and concentrated hydrochloric acid was gradually added 
till the precipitated compound dissolved in excess of the strong acid 
in which it is soluble. At this stage the solution was again filtered 
from the tarry and insoluble matters, the filtrate rendered alkaline 
and the arsenic compound was precipitated with careful addition 
of dilute hydrochloric acid as yellowish white stuff. The repetition 
of the above process gave the compound in a sufficiently pure 
condition, m.p. 290° (decomp.). (Found: As, 26°0, C;,9H,0;As 
requires As, 26°4 per cent.). 
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4:7-Dimethyl-6-arsinic acid.—4:7-Dimethy!]-6-aminocoumarin 
(2°2 g.) was dissolved in a mixture of hydrochloric acid (2°5 g.) 
and water (20c.c.) and diazotised in the same manner as stated 
above with a solution of sodium nitrite (‘9 g.) in water (10 c.c.). 
This was gradually added to a well stirred sodium arsenite solution 
made of sodium carbonate (4 g.), arsenious oxide (1°5 g.), copper 
sulphate (07 g.) and water (60c.c.). The resulting product was 
filtered, concentrated, boiled with animal charcoal and again 
filtered. The filtrate was cooled and then gradually acidified with 
hydrochloric acid when cream coloured precipitate of arsenic 
derivative was obtained. The precipitate was separated by filtra- 
tion, purified as in the previous case, washed with hot water and 
then dried in a vacuum desiccator; m.p. 285° (decomp.). (Found: 
As, 24°8. C,,H,,0,As requires As, 25°3 per cent.). 


6- Nitro-1 :2-a-naphthapyrone.—1 :2-a-Naphthapyrone (43 g.) was 
dissolved in hot glacial acetic acid (100 c.c.). To this hot solution, 
nitric acid (16 c.c. d 1°52) was gradually added. The whole was 
then heated on the water-bath with constant stirring and the 
heating continued till the crystals of the nitro compound appeared. 
At this stage the product was poured upon pounded ice when dark 
yellow nitro derivative separated. This was filtered, washed free 
from acid and crystalled from acetone in yellow microcrystalline 
powder, m.p. 180°, yield theoretical. (Found: N, 5°75. C,,H,;0,N 
requires N, 6°8 per cent.). 

6-Amino-1 :2-a-naphthapyrone.—6-Nitronaphthacoumarin (24 g.) 
was gradually added to a warm clear solution of stannous chloride 
(70 g.) in a mixture of hydrochloric acid (60 c.c.) and alcohol (50 c.c.). 
The reduction was over when every thing went into solution. 
More hydrochloric acid (120 c.c.) was now added and the solution 
allowed to cool when the hydrochloride of the base separated out. It 
was filtered, washed thoroughly with concentrated hydrochloric 
acid, dissolved in hot water and treated with a hot solution of 
sodium acetate when the base was liberated as golden yellow 
crystals, m.p. 194°, yield 60 per cent. 


a-Naphthapyrone-6-arsinic acid.—This was prepared from 6-amino- 
1:2-a-naphthapyrone as above. It was obtained as yellow micro- 
crystalline powder from alcohol not melting even upto 360°. 
The yield was very low. (Found: As, 22°9. C,;H,O;As requires 
As 23°4 per cent). 
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4- Methyl-1 :2-a-naphthapyrone-6-arsinic acid.—It was prepared 
from 6-amino-4-methyl-1:2-c-naphthapyrone and purified in a 
similar way and crystallised from acetic acid as a yellowish white 
microcrystalline powder. The acid shrinks at 840° but does not 
melt even at 860°. (Found: As 22°38. C©,,H,,0,As requires As 
22°4 per cent.). 


DgpaRTMENT OF APPLIED CHEMISTRY, 
University Coniece or Science Received February 8, 1932. 
AND TecanoLocy, CaLcouTta. 

















A New Method of Estimating Arsenic in 
Organo-arsenic Derivatives. Part I. 


By Hrrenpra Nats Das-Gupta. 


The application of organic derivatives of arsenic as drugs, has 
brought into prominence the problem of estimating the metalloid, 
when directly combined with carbon. A survey of the references 
given in the foot-note, will clearly explain the fact that each author 
by adopting a new method orsome modifications of the older ones 
aimed at getting an inorganic derivative of arsenic either by dry or 
moist combustion of the organic compound, the arsenic being subse 
quently estimated either gravimetrically or volumetrically. 


A method of estimating arsenic in organic tissues, devised by 
Norton and Koch (loc. cit.) has been successfully utilised in the esti- 
mation of the metalloid in its organic derivatives by Ewins (J. Chem. 
Soc., 1916, 109, 1356). The method has its universal application 
but suffers from the main drawback thatthe end point is never 
sharp and that the experiment is attended with vigorous frothing 
at the outset which can be controlled only with difficulty. 

In course of some experiments on the problem of introducing 
pentavalent arsenic into therapeutically active organic compounds, the 
author’s attention was drawn to the fact that with the exception of 
a very few, majority of the organo-arsenic acids are soluble in hydro- 
chloric acid. Anticipating that the arsenic, which is in its highest 
state of oxidation in such compounds, should liberate an equivalent 
amount of iodine in presence of hydrochloric acid from a solution of 
potassium iodide, pure phenylarsinic acid was treated in a similar 


La Coste and Michaelis, Annalen, 1880, 201, 224; Gooch and Browning, Amer. J. 
Sci.. 1890, iii, 11, 66; Little, Cahen and Morgan, J. Chem. Soc., 1909, 98, 
1478; Pringsheim, Amer. Chem. J., 1904, 31, 386; Monthule, Ann. chim. Anal., 
1904, 9, 308; Morgan, J. Chem. Soc. , 1904, 85, 1001; Norton and Koch, J. Amer 
Chem. Soc., 1905, 27, 1247; Martindale, Extra Pharmacopoeia, 1915, 11, 27; 
Kircher and Rupert, Ber. Deut. Pharm. Ges., 1920, 30, 419, 421; Newbery, J. 
Chem. Soc. 1925, 127, 1751; R Stolle and O Fechtig, Ber. Deut. Pharm 
Ges., 1923, 38, 59; Kolthoff, Z. Annal. Chem 1923, 62, 137, 38, 
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way. The analytical results obtained proved the correctness of the 
assumption. This gave a clue to an easier way of estimating the 
pentavalent arsenic in organo-arsenic acids as the liberated iodine 
may easily be titrated by means of sodium thiosulphate. The method 
is very rapid (from fifteen to twenty minutes for the estimation) 
and gave accurate results with the compounds enumerated below. 
A few of the typical organo-arsenic derivatives belonging to different 
groups have been examined. The advantages of the method are that 
it requires only a very small quantity (from ten to fifteen mg.) 
of the substance and requires only simplest apparatus and materials. 
Organo arsenic acids that are insoluble in hydrochloric acid are, first 
of all, brought into solution by heating with glacial acetic acid and 
then treated with hydrochloric acid and potassium iodide solution. 
A compound of this type viz., naptbylarsinic acid (Hill and Balls. 
J. Amer. Chem, Soc., 1922, 44, 2051) has been tried with success. 

The following table summerises the experimental results of the 
present investigations. 


EXPERIMENTAL. 
Arsinic content. 
Substance. Quantity. Found. Cale. 
“0286 g 48-28 , 
Etbylarsinic acid ‘0170 48-19 48°7 per cent, 
*0178 87-2 87°1 
Phenylarsinic acid “0146 37-1 
*02ul 37-09 
0218 34-69 one 
Benzylarsinic acid °0252 34°78 
"0126 29-1 oe 
Nepthylarsinic acid “0101 29-08 
Tricoumarylarsinic *0225 14°16 
oxide 0199 14-09 143 
7-Methylcoumarin- “0116 26-1 26°4 
6-arsinic acid “0124 26-08 
4 :7-Dimethylcoumarin- 0110 25 +25 95°3 
6-arsinic acid “0221 25-2 
Naphthacoumarin- “0204 23-25 23°4 
6-arsinic acid 0199 23-3 
4-Methylnapthacouma- 0193 22-45 99"4 


rin-6-arsinic acid "0265 22-5 
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Procedure—A small quantity of the substance (0°01 to 0°02 g.) was 
weighed out accurately in a conical flask of about 300 c. c. capacity. 
Concentrated hydrochloric acid (15 c.c. d 1°19) was runin and the 
whole heated on a water-bath for five minutes. In case an uniform 
solution is not obtained, the mixture should be heated by direct flame, 
The solution was cooled to the room temperature and glacial acetic 
acid (15 c.c.) and water (50 c.c.) were then added. In a separate 
beaker potassium iodide (4 g.) dissolved in water (10 c.c.) 
was added tothe acid solution. The solution assumed a brown 
or yellow coloration due to the liberation of free iodine. The 
walls of the flask were then washed with a little water and the libera- 
ted iodine titrated against N/20 sodium thiosulphate solution. 
Towards the end of the titration 2 ¢.c. of a one per cent. solution of 
starch was added and the titration continued to the end. After the 
point at which the blue coloration, due to free iodine and starch, 
faded away which however was not the exact end point, the thiosul- 
phate solution was carefully added drop by drop with constant stirring 
till the original colour of the solution of the subtance in hydrochloric 
acid was attained. 


From the amount of thiosulphate solution required, the percent- 
age of asenic present is easily calculated. One c.c. of N/20 thiosul- 
phate solution =0°0000875 g. of arsenic. 

Experiments with other derivatives of arsenic, in the tri-valent 
state, are in progesss 


In conclusion I wish to express my gratitude to Dr. M. 


Goswami, for his kind interest and valuable suggestions in this 
investigation. 


Apptigep CHEMISTRY DEPARTMENT, 
University Cottgce oF SCIENCE AND Received February 3, 1982, 
TEoHNOLOGY, CALCUTTA, 

















Indigoid Dyes Derived from Phenanthraquinone. Part I. 
Thionaphthene-phenanthrene Indigos. 


By Pareso CHanpra Doutta. 


It has been shown by Friedlander, Herzog and Voss (Ber., 1922, 
55, 1591) that phenanthraquinone condenses very easily with 3- 
hydroxythionaphthene in acetic acid solution containing traces of 
hydrochloric acid and a violet dye is produced. Later on Luther 
(Ber., 1931, 64, 831) prepared the same substance in a pure crys- 
talline form by a slight modification of the above method. The 
present author got the substance as a chocolate brown crystalline 
mass and he has further extended this reaction to study the effect of 
different elements or groups on the colour of the substances. The 
condensation products with bromo-and nitrophenanthraquinones are 
violet in colour whereas those with amino-and hydroxyphenanthra- 
quinones, black or brownish black. The substances dissolve in 
concentrated sulphuric acid with a green, violet green or violet 
brown colour and the original dyes are reprecipitated by treatment 
with water. The freshly precipitated compounds are found to be 
quite suitable for dyeing on wool from an acid bath, yielding even 
and deep shades. Except the bromo compounds which are very 
feebly soluble, they dissolve in hydrosulphite vat with a yellowish 
brown colour from which the original substances are reprecipitated 
by oxidation with air. The shades obtained on cotton from hydro- 
sulphite vat were not very deep, but quite even and fast. Generally 
speaking, these substances are sparingly soluble in alcohol, moder- 
ately so in amy! alcohol and acetic acid and easily soluble in nitro- 
benzene, xylene and pyridine and they generally melt above 295° and 
some of them sublime at higher temperatures, yielding a reddish 
violet vapour. In the monosubstituted phenanthraquinones, it has 
not been determined which, of the two ketonic groups, actually, 
takes part in the reaction. Further work in this line is in pro- 


gress. 
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The structure of these eompounds can be represented by the 
following general formula. 


co 41 
ANN (0 


Oc 
[- |, DoaeQVA, 
vy 1 | 

— 


For the sake of abbreviation, the preparation of only one of these 
compounds is given in the experimental portion, the rest being 
prepared in similar manners, their properties are recorded in thé 
Table. 


EXPERIMENTAL. 


2-Thionaphthene- 9/(2'-nitro)-phenanthrene indigo.—Solutions of 
2-nitrophenanthraquinone (1°26 g.) in hot acetic acid (100 c.c.) and 
8-hydroxythionaphthene (0°8 g.) in 2 c.c. of the same solvent were 
freed from dissolved air by passing carbon dioxide and mixed 
together, thoroughly agitated and the mixture treated with 0°5 c.c. 
of hydrochloric acid in 5 c.c. of acetic acid. On boiling the 
mixture for ten minutes a brownish violet crystalline precipitate 
separated out. It was filtered hot and washed with a little acetic 
acid and then with alcohol. For purification, it was boiled with 
alcohol for sometime and filtered hot. ‘Ihe residue was dissolved 
in pyridine and reprecipitated as a violet crsytalline precipitate by 
the cautious addition of hot water. It crystallises from amy! alcoliol 
in small rectangular plates melting above 290°. It is sparingly 
soluble in alcohol, moderately in amyl alcohol and acetic acid and 
easily soluble in nitrobenzene, xylene and pyridine in the cold. It 
dissolves in concentrated sulphuric acid with a green colour and dyes 
wool in violet shades from an acid bath and dyes cotton in light 


violet shades from hydrosulphite vat. 
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Studies in Acenaphthenone. Part I. Pyrylium Derivatives. 
By ANUKUL CHANDRA Sircar AND M. D. Rasa GoPALan, 


Decker and Fellenberg (Ber., 1907, 40, 3815; Annalen, 1907, 356, 
281), Perkin, Robinson and Turner (J. Chem. Soc., 1908, 98, 1085), 
Pratt and Robinson (J. Chem. Soc., 1922, 121, 1577 ; ibid., 1923, 123, 
748 etc.), De (J. Indian Chem. Soc., 1927, 4, 28, 187) and others 
have shown that o-hydroxyaldehydes can condense with substances 
containing the group-CH,-CO-under certain conditions to form 
pyrylium compounds. It was therefore natural to expect that acenaph- 
thenone which also contains the group-CH,-CO-would yield pyry- 
lium derivatives. This expectation has been amply rewarded by the 
preparation of pyrylium derivatives by the condensation of acenaph- 
thenone with salicylic and (#-resorcylic aldehydes. Conden- 
sations were effected in two different ways, viz., (1) by 
passing gaseous hydrogen chloride through a glacial acetic 
acid solution of equimolecular quantities of the respective 
aldehydes and acenaphthenone (Decker and Fellenberg, loc. cit.), 


Ci 


| 
co H HCl =O \ 
Cros | + 6H, —> Cy He | C,H, 
H, OHC =CH/S 


(2) by first preparing the o-hydroxystyry! ketone by condensation 
of the aldehyde and acenaphthenone in alkaline solution and subse- 
quently converting it into the pyrylium salt by the action of dry 
gaseous hydrogen chloride (Pratt and Robinson, loc. cit.). 


H 10% Alcoholic 


CO 
Cc 1 oHeC | + eH, —> 
Hy OHC potash Cl 


Oo 
CO H Hc! G ye H 
CroTta | 6H4—>C 106 x _ 
OH CH 


In the case of salicylic aldehyde, the free pyrylium chloride could 
not be isolated, as it decomposed immediately in contact with air. 
The corresponding ferri-chlorides and the perchlorates are, however, 
quite stable and were obtained in beautiful crystalline forms. In the 
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case of 8-resorcylic aldehyde, in addition to the ferri-chloride and the 
perchlorate the free pyrylium chloride, which is quite stable, were 
also obtained. 


EXPERIMENTAL. 


2:8-Acenaphthbengopyrylium Chloride. 
Cl 


Ay > 

ae 

OC Sf 
CH °* 

Acenaphthenone (0°5 g.) and salicylic aldehyde (0°38 g.) were 
dissolved in glacial acetic acid (10¢.c) and dry hydrochloric 
gas was passed through the solution for 1}—2 hours. The almost 
colourless solution gradually turned yellow and finally became orange 
yellow. The completion of the reaction was indicated when there 
was no further precipitation on the addition of a little of the reaction 
mixture to dilute hydrochloric acid. The solution was then poured 
into a large volume of ether and the yellow solid pyrylium chloride 
separated after some time. The ethereal layer was decanted off and 
the solid, after being quickly filtered and washed with ether, was 
kept in a vacuum desiccator. So long as the substance was in the 
desiccator it was solid, but on removal immediate decomposition set 
in with the liberation of hydrogen chloride gas and the solid became 
resinous. The solid is so unstable in air that it was not possible 
even to take the melting point. The solid is soluble in dilute hydro- 
ehloric acid (1:1) and glacial acetic acid. Itis sparingly soluble in 
alcohol and insoluble in all other organic solvents. 

2:3-Acenaphthbenzopyrylium ferri-chloride.—It was obtamed as a 
dark yellow precipitate by adding ferric chloride, dissolved in concen- 
trated hydrochloric acid into the glacial acetic acid solution of the 
pyrylium chloride described in the previous experiment. The addi- 
tion of ferric chloride was continued until the precipitation was com- 
plete. It was then filtered and washed with moderately dilute hydro- 
chloric acid, and finally with alcohol. It was obtained as yellow 
shining rectangular plates from boiling acetic acid. The erystals 
were dried over potash in a desiccator, m.p. 203°. It givesa straw 
yellow coloration with concentrated sulphuric acid from which it is 
not precipitated back on dilution. It decomposes when dissolved in 
water. It is insoluble in all organic solvents excepting acetic acid. 
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(Found: C, 51°04; H, 239. C,;gH,,0, FeCl, requires C, 50°36; H, 
2°43 per cent.). 

2 :3-Acenaphthbenzopyrylium perchlorate.—To the solution of 2 :3- 
acenaphthbenzopyrylium chloride in glacial acetic acid, perchloric 
acid was added drop by drop until the separation of the crystals was 
complete. The separated shining yellow plates were filtered, washed 
first with glacial acetic acid and then with ether, and finally dried in 
the desiccator over potash. It melts at 255° with decomposition, 
and decomposes in presence of water. It gives a greenish yellow 
colour with concentrated sulphuric acid. (Found: C, 63°98; H, 3°50. 
C,9H,20;Cl requires C, 64°18, H, 3°31 per cent.). 


2:3-Acenaphthbenzopyrylium chloride. Second method). 


(a) Salicylidene acenaphthenone.—Acenaphthenone (0°5 g.) and 
salicylic aldehyde (0°38 g.) were dissolved in the least quantity of 
alcohol and alcoholic potash (about 5 .c. of 10 p.c.) added. The 
scarlet red solution obtained did not separate any precipitate even on 
standing. The solution was then poured into ether when a scarlet-red 
slimy precipitate was obtained which stuck to the sides of the vessel. 
The supernatant liquid was poured away and dilute hydrochloric acid 
added to the precipitate, when the colour changed to yellow. It was 
filtered, washed with water and crystallised from dilute alcohol in 
yellow needles, m.p, 186°. 

(b) Conversion of salicylidene ucenaphthenone to the corresponding 
pyrylium chloride and the ferri-chloride.—Salicylidene acenaphthe- 
none (0°4g.) was suspended in dry ether and dry hydrogen chloride 
gas passed through the suspension for about two hours. The solution 
gradually turned deep yellow and finally orange yellow. The pale 
yellow needles which were at the bottom gradually disappeared, and 
a dirty yellow amorphous powder separated. The completion of the 
reaction was indicated by the complete solubility of a sample in 
dilute hydrochloric acid after removal of ether. After the reaction 
was over, dilute hydrochloric acid was added to the mixture and ether 
distilled off. Care was taken to see that the concentration of the 
acid was sufficient to prevent hydrolysis of the oxonium salt. (1:1 
HCl used). The solution was filtered and to the filtrate ferric chlo- 
ride in concentrated bydrochloric acid added as in the previous prepa- 
ration. The separated ferri-chloride was found to be identical with 
the one obtained previously. 

7-Hydr. zy-2 :3-acenaphthbenzopyrylium chloride.—Acenaphthe- 
none (1'5 g.) and f-resorcylic aldehyde (0°4 g.) were dissolved in 
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glacial acetic acid (8 c.c.) and dry hydrogen chloride gas passed 
through the solution. Reaction soon began as indicated by the 
change of the colour of the solution to deep red. On passing hydro- 
gen chloride for about three hours deep red needles filled the 
whole liquid. The mixture was poured into a large excess of ether 
when whole of the solid got precipitated. This was filtered and 
washed with ether. The precipitate was then dissolved in hot difute 
hydrochloric acid (1:1) and filtered hot to free it from any unreacted 
.acenaphthenone. The filtrate, on cooling, deposited beautiful scarlet 
red needes, which were filtered and dried in a vaccum desiccator 
over potash. It melts at 131°. It is insoluble in almost all 
organic solvents but sparingly soluble in acetic acid. 
It dissolves in concentrated sulphuric acid giving an orange solu- 
tion with a greenish fluorescence and is not precipitated back on 
dilution. It decomposes in contact with water and also when kept in 
moist air for a long time. (Found: C, 73°99; H, 3°85. C,jgH,,0,Cl 
requires, C, 74°39 ; H, 3°58 per cent.). 

The same compound was obtained by passing hydrogen chlo- 
ride gas through a suspension of (#-resorcylideneacenaphthenone in 
dry ether. The experiment was conducted exactly in the same way 
as in the case of the corresponding salicylidene compound—only the 
hydrogen chloride gas was passed for a longer time (3 hours). The 
pyrylium chloride was purified as in the preceeding case. 

7-Hydrozy-2 :38-acenaphthbenzopyrylium ferri-chloride.—It was 
prepared from the preceding compound in the same way as the corres- 
ponding ferri-chloride from 2:3-acenaphthbenzopyrylium chloride. 
The separated solid was purified by dissolving in a large excess of boil- 
ing acetic acid. On cooling, chocolate coloured needles separated. 
These were filtered, washed with ether, and dried. It decomposes 
at 236-37°. It is insoluble in almost all other organic solvents. It 
dissolves in concentrated sulphuric acid imparting to it a brownish 
colour with greenish fluorescence. (Found: C, 48°73 ; H, 2°44. 
C,H 109, Fe Cl, requires C, 48°64 ; H, 2°34 per cent.). 

7-Hydrozy-2:3-Acenaphthbenzopyrylium  perchlorate.—It was 
prepared and purified in a similar way and possessed properties simi- 
lar to 2:8-acenaphthbenzopyrylium perchlorate (vide supra). It 
melts at 260° (decomp.) and burns with explosion. (Found: C, 61°27; 
8°40. Cy9H 20, Cl requires C, 61°37; H, 3°23 per cent.). 


CuemicaL LaporaTory, 
PresiDENcy CoLLEGE, CALcuTTA. Received February 24, 1982, 











Review 


Qualitative Analyse mit Hilfe von Tupfel Reaktionen. (Qualitative 
Analysis with the help of ‘ spot’ or ‘‘ drop ’’ reactions)—By Dr. 
Fritz Feigl, University of Vienna. P. X{1+387, with 12 figures in 
the text and 2 coloured plates. Published by Akademische Verla- 
gagesellschaft M.B.H. 1931, Leipzig. Stitched R.M. 26.40; bound 
R.M. 28. 

Dr. Feigl, who is undoubtedly the pioneer in developing this 
branch Of analytical micro-chemistry, which consists in testing sub- 
stances in small drops of their solutions either on a filter paper or on 
@ micro-crucible, is to be congratulated on bringing out this excellent 
book on the subject. The book, written by such an expert, will 
evidently commend itself to all analytical workers. The simplicity, 
rapidity and the minute quantities of substances, needed for identi- 
fication, should render this method of analysis always preferable to 
the ordinary micro-methods for the economy of both time and 
material. 

The book is divided mainly into two parts, theoretical and practi- 
cal. The theoretical part opens with definition of the terms, sensi- 
tiveness, specificity, concentration limit and the minimum detectable 
limit (Erfassungsgrenze). A short but clear account of the theory 
of complex compounds has been added, as these latter play such an 
important part in the development of specific reactions. Chapters 
on the analytical use of the masking of reactions and the catalytic 
enhancement of reaction capacity of compounds furnish a very 
interesting study. Highly sensitive tests for phosphorus, arsenic 
and silicon by increasing the activity of molybdenum blue reaction 
through complex formation have been developed on the above basis. 
The application of iod-azid reaction, as an extremely sensitive and 
beautiful test for sulphide, polysulphide, thiocyanate and thio- 
sulphate, is another instance of the kind. The possibility of influen- 
cing the reactivity of a substance by means of induced reactions, and 
its analytical application have also been extensively discussed. 
Attempts have been made, with a fair degree of success. to classify 
the specific analytical activity of organic reagents as a result of the 
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presence of certain characteristic atomic groups. Thus, the groups 


»e — C— and an are shown to possess specific reactive 
| = 
OH NOH 


power for copper and silver respectively. The part played by capil- 
larity, due to colloidal character of the filter paper, in performing 
the spot tests has also been emphasised. 


In the practical part, after giving an account of the technique 
for carrying out the spot reactions, tests for individual metals and 
acids have been described in detail and the values for concentration 
limit and minimum detectable quantity have been given in each 
case. Methods have also been devised to detect a radicle in presence 
of others. Preparations of special organic reagents have been des- 
cribed whereever needed. Different methods for the systematic 
qualitative analysis of mixtures by spot reactions have been added 
towards the end. Finally, tests for traces of certain constituents in 
alloys, ores, stones, wood, leather etc., as well as the testing of purity 
of reagents have been described. 


Both as a laboratory companion and as a reference book, it will 
prove to be of great service to al! analytical chemists. 


P. R. 

















Studies on the Dependence of Optical Rotatory Power on 
Chemical Constitution. Part XIV. Stereoisomeric 
Aminomethylenecamphors, Iminomethylene- 
camphors and their Derivatives. 


By Bawa Kartar SinGH AND BaouTNATH BHADURI, 


For a comparative study of the effect of substitution on rotatory 
power of the derivatives of aminomethylenecamphor and iminome- 
thylenecamphor, some of which have been already described (Singh 
and Bhaduri, J. Indian Chem, Soc., 1930, 7, 771; 1931, 8, 181; 
Singh, Bhaduri and Barat, ibid., 1931, 8, 345), it is necessary to 
know the rotation constants of the parent compounds. With this 
object in view, the rotatory dispersion of stereoisomeric aminome- 
thylenecamphors and iminomethylenecamphors have been described 
in the present paper. 

The laevo and racemic isomerides of aminomethylenecamphors 
are new substances and were prepared in the usal way (vide, Ex- 
perimental). 

Benzylaminomethylenecamphors were prepared in the usual way 
by the condensation of benzylamine with oxymethylenecamphor 
(d, l, dl). 

Iminomethylene-d-camphor was also prepared according to the 
method of Bishop, Claisen and Sinclair (Annalen, 1894, 281, 359), 
but the yield was very poor. It was, however, obtained in a better 
yield by the condensation of aminomethylene-d-camvhor with oxyme- 
thylene-d-camphor (vide, Experimental). The laevo, racemic and 
the meso isomerides were prepared in the same way. 


The Effect of Chemical Constitution and the Nature of Solvent 
on the Rotatory Power. 


(i) Oncomparing the structural formulae and specific rotatory 
power of aminomethylenecamphor (I), . anilinomethylenecamphor 
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(II), and benzylaminomethylenecamphor (III), the following con- 
clusions may be drawn: — 


Structural formula. [a] nel (in chloroform). 
Hégsai 
I. R=CH'NH, +350°0° 
II. R=CH'NH’C,.H, 424.6 
III. R=CH‘NH'CH’'C,.H, 339.9 
IV. R=CH'NH'CH=R 678.4 


E = oC | ] 


The phenyl group in (II) which is not in conjugation with the 
ethenoid and carbony] groups has very little effect in increasing the 
rotatory power of the parent compound (I); and its further removal 
from the asymmetric centre by the interposition of the methylene 
group as in (III) lowers the rotation only to a slight extent(II+III). 

(ii) The specific rotatory power of iminomethylenecamphor 
(IV), is nearly twice that of aminomethylenecamphor (I); this great 
increase in specific rotatory power can be accounted for by depict- 
ing the double symmetric tautomeric formula (V) for this compound, 
in which the conjugation between ethenoid, azethenoid and carbony] 


groups is complete. 


(V) C°CH=N‘CH= 
CHC oh Cots 


~~ = CH'‘NH‘CH=C 
<— C,H,,< | + | >C,H,, (non-quinonoid) 
o | oc 


C=CH'N=CH'C 

(VI) CgH,,< |  CgH), 

co HO'C 

The compound does not, however, exhibit the expected fluores- 
cence. 

(iii) It is found that the order of decreasing rotatory power is 
ethyl alcohol >methy] alcohol > pyridine > acetone >chloroform> 
benzene, for aminomethylene-, and iminomethylenecamphors. 
The sequence of the dielectric constants of the solvents is also the 
same, except that the position of ethyl alcohol and methyl alcohol 
is reversed. The same is the case with pyridine and acetone in the 
above mentioned sequence, For iminomethylenecamphor, however, 
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the values of specific rotatory power in pyridine and acetone. (Tables 
VIII and IX) become identical for Lig; 9, and beyond this towards 
the red end of the spectrum e.g., Ligzog, that in acetone is greater 
than that for pyridine, whereas towards the violet region the 
order is reversed. For benzylaminomethylenecamphor, the order 
of decreasing rotatory power agrees exactly with the sequence of 
the dielectric constants of the solvents, viz., methyl alcohol > ethyl 
alcohol> acetone> pyridine> chloroform>benzene. 


The Nature of Rotatory Dispersion. 


Optically active aminomethylenecamphors and iminomethylene- 
camphors, like their derivatives, obey the one-term simple dispersion 


formula of Drude, viz., [a]= a0 On plotting re] against A? 
0 


in each case a straight line is obtained. In the tables of rotatory dis- 
persion (I—XI), a more exact test of the formula is provided by 
numerical calculations. 

The value of the hypothetical absorption band in the ultra-violet 
region of the spectrum, A, is lower for aminomethylenecamphor than 
that for iminomethylenecamphor, which shows that the absorp 
tion band is shifted towards the visible side of the spectrum in the 
case of the latter compound. 


The Physical Identity of Isomers. 


The values of rotatory power of d and | forms in different solvents 
{Tables I—XII) are identical within limits of experimental error. 
Out of 97 observations which are now recorded, in as many as 81 
cases, the differences in the numerical. value of the rotatory power 
of the opposite isomers correspond to a difference of less than 0°01° 
in the observed angle of rotation, and in other 15 cases, the corres- 
ponding angle lies between 0°01° to 0°02°, which is the limit of 
experimental error allowable in such measurements. Only in the 
remaining solitary case of iminomethylenecamphor in ethyl alcohol 
for Cd4go9 (Table X), the difference corresponds to between 0°02° 
and 0°03° in the observed angleof rotation. This is, however, of the 
nature of casual experimental error. This, therefore, further supports 
Pasteur’s principle of molecular dissymmetry, according to which the 
two forms, deztro and laevo, must possess equal and opposite 


‘rotatory power. 











112 B. K. SINGH AND B. BHADURI 


The melting point of the racemic form of aminomethylene- 
camphor is higher than that of the optically active isomers. This 
form is a true dl-compound, at least, in the solid state. 

Examples of racemic forms having identical melting points with 
those of the active forms are very rare. A few examples have already 
been cited in a previous communication (Singh and Bhaduri, J. Indian 
Chem. Soc,, 1981, 8, 623). In the present paper we record one more 
similar instance, viz., iminomethylenecamphor (m. p. 216-18°). 


EXPERIMENTAL, 


Aminomethylene-d-camphor (I) was prepared in the same 
way as that of Bishop, Claisen and Sinclair (loc. cit. ) 
and has the same crystalline from (shining white prisms), 
but melts at’ 157°, instead of 163-64°, which agrees with that 
observed by Rupe (Helv. Chim. Acta, 1920, 8, 50). (Found: C, 
78°57; H, 9°73; N, 8°01. C,,H,;ON requires C, 73°74; H, 9°50; 
N, 7°82 per cent.). The l-variety, m.p. 157°. (Found: N, 7°94). 
The dl-variety, m. p. 163-64°. (found: N, 8°00). 

Iminomethylene-d-camphor.—Aminomethylene-d-camphor (2°5 g.) 
dissolved in glacial acetic acid, was added to oxymethylene-d-cam- 
phor (2°5 g.) dissolved in methy! alcohol, and diluted with water when 
a precipitate separated at once. It was washed with dilute caustic 
soda solution and then with water and crystallised out of metby] al- 
cohol as long needles, m. p. 216-18°, yield 80 p.c. It is freely 
soluble in chloroform and pyridine; less so in acetone and etby]! al- 
cohol and difficultly soluble in methyl alcohol and benzene. (Found: 
C, 77°29; H, 9°15. CyeH3,0,N requires C, 77°42; H, 9°09; 
N, 4°11 per cent.). The l-variety, m.p. 216-18°. (Found: N, 4°20). 
The dl-variety, m. p. 216-18°. (Found: N, 4°29). 

Iminomethylene-d-camphor was also prepared by the method of 
‘Bishop, Claisen and Sinclair (loc. cit.) by the action of strong hydro- 
ehloric acid on aminomethylene-d-camphor. The yield is, however, 
very poor, but the melting point is the same as by the above men- 
tioned method. The mixed melting point of the product prepared 
by the two methods was also 216-18°. Bishop, Claisen and Sin- 
clair (loc. cit.) give 221-22° as the melting point. 

Internally Compensated or meso-Iminomethylenecamphors.—(1) 
Aminomethylene-d-camphor (1 mol.) in glacial acetic acid was 
added to oxymethylene-l-camphor (1 mol.) and the precipitate so 
obtained was repeatedly crystallised out of dilute methyl alcohol 
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as white prismatic needles, m. p. 217-18°. (Found: C, 77°25; H, 
917. Cg3H;,0gN requires C, 77°42; H, 9°09 ; N, 4°11 per cent.). 

(2) In the same way amidomethylene-l-camphor was condensed 
with oxymethylene-d-camphor and white prismatic needles melting 
at 217-18° were obtained. (Found: N, 4°23). 

On polarimetric examination both the compounds were found to 
be inactive. 

The condensed product of oxymethylenecamphor with methylamine 
(obtained in the usual way) was an oil which refused to solidify. 

Benzylaminomethylene-d-camphor ( III ).—Oxymethylene-d-cam- 
phor was condensed in the usual way with benzylamine 
hydrochloride in presence of a little fused sodium acetate and the 
oil obtained on dilution with water was left overnight when it solidi- 
fied. It was crystallised out of dilute methyl alcohol (charcoal) as 
fine white needles, m. p. 89-91°. It is freely soluble in all the 
ordinary organic media. (Found: C, 80°18; H, 8°70; N, 5°41. 
C,gH230N requires C, 80°30; H, 8°55; N, 5°21 percent.). The 
solutions of the substance in different solvents (except in ethyl 
alcohol, Table XI) exhibited rapid mutarotation and turned scarlet 
in a short time; hence their rotatory dispersion could not be studied 
for more than two lines (Table XII). The l-form, m.p. 89-91°. 
(Found: N, 5°36). The dl-form, m.p. 84-85°. (Found: N, 5°40). 

The rotatory power determinations were made in a 2-dem jack- 
eted tube at 85°. The value of A., calculated from the dispersion 
formula, is given in the tables and is expressed as » or 10-* cm. 





TasueE I. 
Aminomethylenecamphor in Chloroform. 
68°33 7 
[a} =+72-0 1025 , A.=0 8202. 
Deztro Laevo 
Ot ee ¢ ~— . 
conc. obs. [a] o-—c. Line. calc. [a] o'-c. obs. [a] conc. 
g/100 c.c. ° c. o. g/100 c.c. 
0°4000 +635°0° +0°3° Cdggeo +534°7° —1°2° —533°5° 0°4040 
436°3 —11 Cadgogs 487°4 +0°7 438°1 
4033 —1°0. Agsac 4048 = + (0 404°8 
350°0 +09 Hesse 349°1 —0°2 348°9 
296°3  +1°2 Hegre 295'1 +06 295°7 
278°8 —0°5 Nasggg3 279°3 —-0'1 279°2 
253°8 +0°8, Ligios 253°0 +0°7 253°7 
218°8 —0°2 Cadgass :219°0 +0°1 219°1 


196°3 —0°3 Ligzgs 196°6 -10 195°6 
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The solution exhibited slight mutarotation; the initjal values. 
(2) sry cses =350°0° and (2) srosrg9 = 208'3° changing to 345°0° and 


290°0° respectively in course of 20 hours. 
TaBwe II. 


Aminomethylenecamphor in Acetone, 














ne 72°04 4 _ 
[a] — + Ae —0 0044. , A-=0 8072. 
Deztro A Laevo 
ro ~ ~ 7 “~ ——s 
cone. obs. [a] o-c. Line. cale.[{a] o’-c. obs. [a] cone, 
g/100 e.c. 0. c. o. g/100 c.c. 
0°4036 +438°6° +0°1° Cdsog6 +438°5° -1°0° —487°5° 0°4000 
406°5 —-08 Ags209 407°3 +0°2 407°5 
3543 +08 Hes 353°5 = +03 353°8 
3011 +06 ~=—_ Hegre 3005 0% 300°0 
283°7 -—1°3 Nasgg3 285°0 + 0 285°0 
259° — +0°1S Liigigy 2589 —O'l 258°8 
2243 08 Cass 251 -O'1 225°0 
202°0 —0°6 Ligzgg 202°6 -0'1 202°5 
The solution did not exhibit mutarotation. 
TaBLE III. 
Aminomethylenecamphor in Methyl Alcohol. 
75°33 
[eJ=+ ya—origig + 4 = 08182. 
Deztro Laevo 
ene. obs. [a] o-c. Line. calc. [a] “da. obs. [a] cone. 
g/100 c.c. 0. c. Oo. 2/100 c.c. 
0°4004 +479°6° +1°1° Cdsog¢ +478°5° —0°5° —478°0° 0'4048 
4421 -—0°8 Agsao 442°9 +05 443°4 


383°4 +12 ggasi 3822-05 381°7 
323°4 +03 «= Hgsra 3231 +0°5 823°6 
8047" 11 Nagegs 3058 —07 305°1 
2173 «+02 Liiggy 2771 «= + 0'8 217°9 
239° 02 Caz 240°0 =—-0"4 289°6 
2149-06 ~—_Liigrgg 215% = +0°7 216°2 


The solution exhibited mutarotation; the initial values 
=383°4° and (2) resp 22? * changing to 368°4° and 


Co) gous 
808°4°respectively in course of 20 hours, 
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TaBLe IV, 


Aminomethylenecamphor in Ethyl Alcohol. 








77°18 
[a] =+ i2—0'1006 * A, =0°3172. 

Deztro Laevo 
conc. obs. [a] 0-c. Line. calc. [a] o’-c. obs. [a] conc. 
g/100c.c. 0. c. oe. g/100 ce... 
0°3996 +486°7° —1°2° Cdsogg +4879" +09° —488°8° 0°4040 

451°7 —0°2 Agse09 451°9 —0°1 451°8 

390°3 +0 Hess 3903 —0%4 339°9 

330°4 +01 Hegszs0 330 3 +0°3 380°6 

312°7 -0'1 Nasgg3 312°8 +0°3 313°1 

284°2  +0°7 — Ligny 283°5 —-0'l 283°4 

246°5 +0°8 Cdga3s 245°7 —0°6 2451 


2203 —0°4 —_Liigrag 2207 +0°8 221°5 


The solution exhibited mutarotation; the initial values 








ta] ten” 890°3° and (0) stereo = 830°4° changing to 367°9° and 
306°6° respectively in course of 20 hours. 
TABLE V, 
\ 
Aminomethylenecamphor in Benzene. 
74°90 

Deztro Laevo 
ésne ona. [a] os. Line. cale. [a] o'-c. obs. [aj cone. 
g/l00c.c. 0. o. 0. g/100 c.c. 
0°3996 +422°8° ~O0°2° Cadspee +423°0° =+1°0° —424°0° 0°4080 

994°2 0° = Agsagp 3948 = —0'1 394°7 


3466 = +07) Agsaei 345°9 -03 345°6 
2977 +11 Hgsrao 296°6 +0 296°6 
281°5 —O°4  Nagggs 281°9 +0 281°9 
2578 +0°4 Liigigg 2574 3 8—0'1 257°3 
2252 +02 Cages 225°0 +05 225°5 
202°7 390° ~—_ Liigngg 2033 = +02 203°5 


The solution exhibited mutarotation ; the initial values 
[@Vtgsu = 346°6° and (*)etesme = 297°7° changing to 336°6° and 


287°7° respectively in course of 8 hours, 





— 


a nn 
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TaBLE VI. 


Aminomethylenecamphor in Pyridine. 


79°94 




















le]=+ 2 —0°0808 * 6 =0°1120. 
Destro Laevo 
cone. _ obs. [a] oc. Line. calc, [a] ‘os, obs. [a] cone. 
g/100c.c. 9, o. o. g/10 ce. 
3°0016 +471°7° —O'1° Cdgoa¢ +471°8° +02° $= —472°0° 3° 0024 
438°9 —0°2 Agsso9 439°1 —0'3 438°8 
3824 —O'l Hes 3825 6©=— +0 382°5 
26°15 -0'35 Hes 3265 -03 326°2 
309°9 +01 N a5g93 309°8 -03 309°5 
282°1 +0 —_Ligigg 2831 +01 282°2 
255 = Ol Cdgasg 245% +0 245°6 
221°9 +0°S ——_Liigagg 221°6 +0°25  221°85 
The solution did not exhibit any mutarotation. 
TasBLe VII. 
Iminomethylenecamphor in Chloroform, 
[a]=+ 3 ; A.=0°8375. 
Destro Leove 
dean. obs.[a] one, Line. ediafe o’—c.  obs.[a] ome. 
g/100 c.c. 0. c. oe g/100 c.c. 
0°4032 +1072°0° —1°0° Cdygo9 +1073°0° -—0O5* —1072°5°  0°4000 
862°0 —06 Cdyggg 8626 —O1  862°5 
792°5 —1'1 Agsyp 79396 +02 793°8 
678°4 +0°6 Hgsyg, 677°8 —0°3 677°5 
568°1 +0°S Hes 5673 +02 567°5 
535°8 +0 Nass, 5352  —-O2  685°0 
482°4 —0'4 igus 482.8 +10 4839°8 
415°5 +0 Cdgy3g «4 15°5 +08 416°3 
372°1 +0°4 Ligzog = 871 °7 —0°4 871°3 


The solution did not exhibit mutarotation. 
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Tasie VIII. 
Iminomethylenecamphor in Pyridine. 


[a]= tog tr 5 Ae =0°8598, 














—0°1291 
Destre Lasse 
pm, obs.[a] a Line. calc.[a] Sa obs. [a] i 
g/100 c.c. 0. c. o, g/100 cc. 
0°4000 +1206°3° —1°7° Cdggqo +1208°0 +0'4° —1208°4° 0°4072 
9450 +0°5 Odsoeg 9445 = -0°2 944°3 
861°3  +0°5 Agsao9 860°8 —10 859°8 
7295 -1'3 Hess 7238 —0°%6 723°2 
596°3  —-0°7 Hgszs0 597°0 +1°0 598°0 
661°3 +04 Naseg3 560°9 +0°4 561°3 
5038 41°l Ligios 5027 —0"4 502°3 
428°8 —0'1 Caease 4289 —0'3 428°6 
381°3 —0°1 Ligzos 381°4 +0°6 382°0 
The solution did not exhibit mutarotation. 
Taste IX. 
Iminomethylenecamphor in Acetone, 
[a= + ha 5 Ae =0°3455. 
Deztro Laevo 
oman =, o ~ 
eonc. obs. [a] oc, Line. calc.[a] o’—c. obs.[a] conc. 
g/100 c.c. o. c. oO. g/100 c.c. 
94000 +1146°3° —1-7° Cdysoo = + 11480" —1°0* + —1147°0" 0°4060 
' 9138 -05 Cdsoag 9143 —0°4 913°9 
8a8°8 + 0°1 Agsao 838°7  +0°2 838°9 
13°7 +1°3 Hgsse1 7124 —0*'4 712°0 
592°5 —0'8 Hgszso 5933 +0°4 593°7 
560°0 +1°2 Naseos 558°3  —0'8 558°0 
503°8 +08 Ligios 503°0 | —0"4 502°6 
431°3 _-0°3 Cdgass 431°6 +0°7 432°8 
385°0 —0'2 Ligros $85°2 +03  385°5 


The solution did not exhibit any mutarotation, 


2 





eo 
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Tasie-X. 





Iminomethylenecamphor in Ethyl Alcohol. 








132°4 
| bl=+ yoo 
Deztro _ 
Po obs. [a] oc. Line. cale.[a]} 
g/100 c.c. o. c. 
03098 + 1252°6° +16" Cdygqg = + 1251°0° 
986°0 —0'7 C5096 986°7 
9018-08 — Agsae9 902°6 
1617 -0°7 Hegsus1 762°4 
632°6 +0°8 Hgszs0 631°8 
593°8  —0°6 Nasggs 594°4 
5336 —0'l Ligios 533°7 
4571 +0.1 Casas 456°7 
"4071 «+08 Ligree 406°8 


A, =0°3528. 


Laevo 
ee - 





o'—c. 


—1°'0° 
+0°9 
+0°8 

+01 
—0°5 
—0°4 
—0'2 
+01 
+0°5 


The solution did not exhihit any mutarotation. 


TaBLeE XI. 


— 
obs.[a] conc. 
o. g/100c.c. 


—1250°0° 0°4040 
987°6 
903°4 
62°5 
631°3 
594°0 
533°5 
456°8 
407°3 


Benzylaminomethylenecamphor in Ethyl Alcohol, 





[J=1 
A*-—0°'1112 
 Deztro 
‘eone. obs. [a] oo“. Line. 

g/100 c.c. 0. 

04020 +3520" +03" Hyg: 
294°8 —0°2 Hgs7s0 
278°7 +0°2 = Nasgg3 
261°3 —0°3 Ligios 
217°7 +0°7 = Cig 
1931 10 —_Liigngg 


. 
, 


cale. [a] 
c. 


+351°7° 
295°0 
278°6 
251°6 
217°0 
194°1 


Ay =0°3335. 


Laevo 





on 
o'—c, 


—0°1° 
-01 
+0°3 
+0°1 
+0°2 
-—04 


obs. [a] cone. 
o. g/100 c.c. 

—351°6° 0°4052 

294°9 

278°9 

261°7 

217°2 

193°7 


The solution exhibited mutarotation ; the initial values [a], 
=852°0° and [a] Hosp 9 * © Changing to 840°7° and 284°8° re- 


spectively in course of 4 hours. 
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TABLE XII. 


Benzylaminomethylenecamphor. 


solvent. cone. dor l, Hgsusi- Heszee 
g/100 c.c. 

Chloroform 0°4032 d + 339°9° +279°1° 
0°4000 I —340°0 —278'8 

Methby! alcohol 0°4020 d + 365°7 +307°3 
0°4060 l — 364'6 —307'9 

Benzene 0°4052 d + 297°4 + 245°6 
0°4004 l —297°2 — 244-8 


We wish to make grateful acknowledgement to the Government 
of Bihar and Orissa, in the Ministry of Education, for the grant of a 
research scholarship to one of us (B.B.), which has enabled him to 
take part in this investigation. 


Tue Cuemicat LaBoraTory, 
Received December 17, 1981. 


RavensHaw Couiece, Corracs. 





















Condensation of Butylchloral with Gallic Acid 
and the Three Cresotic Acids. 


By (Miss) B. N. Katr&k anp A, N. MELDRUM. 


The study of the condensation of butylchloral, CH,*CHCI"CCl,°- 
CHO with hydroxy- and methoxybenzoic acids was undertaken in 
order to compare its behaviour in sulphuric acid condensations with 
that of chloral. 

The condensation of chloral with methoxybenzoic acid has been 
studied by Fritsch (Annalen, 1897, 296, 358; 1898, 301, 360), 
Meldrum (J. Chem. Soc., 1911, 99, 1712), Bargellini and Molina 
(Atti R. Accad. Lincei, 1912, 24, II, 146) and by Alimchandani 
and Meldrum (J. Chem. Soc., 1920, 117, 964) ; the last mentioned 
extending their researches to the condensation of chloral with 
hydroxybenzoic acids (J. Chem. Soc., 1921, 119, 201). 

The general method adopted throughout this work was to 
dissolve equimolecular amounts of the two substances in sulphuric 
acid and after twenty four hours to pour the mixture on to ice. 

Equimolecular amounts of gallic acid and butylchloral hydrate 
yielded 8:4:5-trihydrory-2-aa8- trichloropropyl phthalide (I) which 
corresponds to and reacts in the same manner as the chloral product. 
It gives a triacetyl compound and the solution in sodium hydroxide 
turns dark brown in air. 

With excess (2 mols.) of butylchloral, (I) is again obtained mixed 
with (II) which contains four butylchloral groups and which, if 
Meldrum and Alimchandani’s views for the chloral compound (loc. 
cit.) be adopted, can be regarded as containing heterocyclic rings. 
This compound is insoluble in concentrated sulphuric acid and 
sodium hydroxide solution, and does not form an acetyl derivative. 

The trimethozy derivative of (I) was difficult to prepare by 
direct methylation; it was obtained by condensing trimethoxy- 
benzoic acid with butylchloral. For this purpose, 85 p.c. sulphuric 








ie 
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acid was found most suitable; with sulphuric acid of higher con- 
centrations, mixtures of di-and trimethoxy derivatives were obtained. 
In the corresponding reaction with chloral the dimethoxy derivative 
only was isolated, 


OH 
HO OH 


} CH'CCly'CHCI'CH, 
CO—O 
(I) 


CH‘CCl,‘CHCI'CH, 


CH; O Oo 
CHCl | : bs j 
él, 0 CH'CCl,"CHCI'CH; 
CH | 
(Th 


| 
CH, ‘CHCI'CCl,"CH——O 


(LI) 


Both the triacetyl- and the trimethoxyphthalides, when reduced 
with zinc dust and acetic acid give the respective monochloro com- 
pounds, containing the group CH’CC]: CH'CH3. 

The reduced trimethoxy compound is very stable. It dissolves 
slowly in caustic soda solution on boiling without change of colour 
and the original substance is reprecipitated on acidification. 
It may be assumed that the phthalide ring is opened by alkali and 
is again closed on acidification, On treatment with sulphuric acid 
(conc.), the reduction product was not affected. 

In the first experiments on the condensation of butylchloral 
with the three cresotic acids, diacidic compounds were obtained; 
(III) was obtained from the o-acid. Meldrum and Alimchandani 
(loc. cit.) isolated a similar compound from the interaction of the 
acid and chloral. The behaviour of the p-acid is thus different from 








CONDENSATION OF BUTYLCHLORAL WITH GALLIC ACID 123 


its behaviour towards chloral with which it gives a heterocyclic 
ring. 





_ 
cH, / \ —¢—— /\, cn, 
CCl, 
Pa og J on 
CO,H CH; CO,H 
(IIT) 
HO CH, 
HO,C \_/ CHCICCle‘CHCICH; 


(IV) 


In order to get a simple (1:1) compound, the method was so 
«modified as to yield a slow and continuous current of hydrogen chlo- 
ride. In this way the m-acid yielded easily the compound (IV). It is 
assumed, in line with Alimchandani and Meldrum’s results. that 
substitution occurs in the p-position to the hydroxyl group. From 
the o- and p- acids similar compounds were obtained by using excess 
of butylchloral (2 mols.) and heating the mixture. 


EXPERIMENTAL, 


3:4:5-Trihydrory-2-aaB-trichloropropyl phthalide, (I).—Gallic acid 
(17 g.) and butylchloral hydrate (19 g.) were dissolved in sulphuric 
acid (95 p.c.). After 24 hours, the mixture was poured on to ice. 
The product separated as a spongy mass which slowly became 
erystalline. It crystallised from acetic acid in colourless prisms, 
m.p. 260°. (Found: Cl, 32°7. C,,H,O;Cis; requires Cl, 325 per 
cent ). 

The acetyl derivative crystallises in long needles from methy! 
alcohol, m.p. 161-62°. (Found: Cl, 23°7. C,;H,,0,Cls, requires 
Cl, 23°4 per cent.). 

Compound (II).—Gallic acid (8°5 g.), butylchloral hydrate (19 g.) 
and sulphuric acid (100 c.c. 95 p.c.) gave after 24 hours 
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a white solid. Cold alkali does not dissolve it but changes its 
colour probably due to decomposition. It crystallises from chloro- 
form in beautiful clusters of needles, m.p. 281-82°. (Found: Cl, 
51°7. CggHgo0¢Cl g requires Cl, 52°1 per cent.). 
3:4:5-Trimethoxy-2-aa8-trichloropropyl phthalide was prepared by 
condensing trimethylgallic acid with butyl chloralhydrate. Sulphuric 
acid of 85 p.c. concentration was found most suitable. With a 
lower concentration (75 p.c.) the condensation did not proceed at all. 


_ With sulphuric acid of 90 p. c. and 100 p. c. concentrations a spongy 


mass was obtained. It was resolved by successive crystallisation 
from several organic solvents into syringic acid, its condensation 
product, (vide infra) and the trimethoxy condensation product. 

Trimethyl gallic acid (21 g.) and butylchloral hydrate (19 g.) 
were dissolved in sulphuric acid (85 p.c..62 c.c.) and the mixture after 
10 days. was poured on to ice when a semi-solid mass separated 
which crystallised from methy! alcohol in transparent plates, m. p. 
90-91°. From the methy! alcoholic mother liquor syringic acid and 
its condensation product were obtained. 

3:4:5-Trimethory- and 3:4:5-triacetyl-2-a-chloro-a-propylene 
phthalides were prepared by reducing the corresponding tri-derivatives 
with Zn dust and acetic acid. It was necessary to warm the 
mixtures from time to time. Both products were recrystallised from 
acetone and petroleum ether for analysis. 

The trimethory compound melts at 110-11°. (Found:Cl, 12-2. 
C,4H,;0; Cl requires Cl, 11°9 per cent.). The triacetyl compound 
melts at 145°. (Found: Cl, 9°5. C,;H;,;0gCl requires Cl, 9°3 per 
cent.). 

The trimethoxy compound dissolves in sodium hydroxide solution 
(N/10) on boiling, and the original substance is reprecipitated on 
acidification. Cold sulphuric acid (conc.) dissolves the substance 
without evolution of HCl gas even on warming and the original 
substance is obtained on diluting the acid solution. The triacetyl 
derivative is not so stable. 

4-Hydroty - 3: 5 - dimethoxy-2-aaB-trichloropropyl phthalide.— 
Syringic acid (15 g.), butylchloral hydrate (15 g.) and sulphuric acid 
(95 p.c. 90 c.c.) were mixed and after 10 days, during which the 
mixture was warmed from time to time, it was poured on to ice, 
The solid, separating, was crystallised from benzene and petrokeum 
ether, m. p. 154-55°. (Found: Cl, 30°2. C};H,;0,Cl, requires Cl, 
29°9 per cent,). 
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The acetyl derivative crystallises from absolute alcohol in trans- 
parent needles, m. p. 169-70°. (Found: Cl, 27°1. C,;,;H,,;0,Cl, 
requires Cl, 26°8 per cent.). 

aa8 - Trichloro-di (3-methyl-4-hydrozy-5-carbozyphenyl) - butane, 
(III).—o-Cresotic acid (4 g.), butylchloral hydrate (5 g.) and 
sulphuric acid (sufficient to form a solution) were mixed ; after 
24 hours the mixture was poured on to ice. The product (III) 
was crystallised from acetic acid, m. p. 289°. (Found: Cl, 23°0. 
Ceo9H;,0,Cl; requires Cl, 23°1 per cent.). 

The corresponding p- and m-compounds were similarly prepared 
from the respective acids. The p-product was crystallised from 
nitrobenzene and then from acetone and toluene, m. p. 277°. 
(Found : Cl, 23°3 p.c.). The m-product was crystallised from xylene 
and then from acetic acid in transparent plates, m. p. 298°. 
(Found: Cl, 23°2 per cent.). 

1-aBBBy-Tetrachlorobutyl-2-methylhydrozy-5-benzoic acid, (1V).— 
m-Cresotic acid (4 g.), butylchloral hydrate (5 g.) and a little 
coarse sodium chloride were dissolved in sulphuric acid (95 p.c.). 
More sodium chloride and sulphuric acid were added at intervals. 
After 24 hours, the mixture was poured on to ice. The product was 
crystallised from toluene in clusters of needles, m. p. 210°. (Found: 
Cl, 40°9. CygH;203Cl, requires Cl, 41°0 per cent.). 

The corresponding p- and o-compounds required an excess of 
butylchloral (2 mols.) and heat. For the former, occasional warm- 
ing was sufficient, but the preparation of the latter involved heating 
to 50-60° for 3 days. 

The p-compound crystallised from benzene in clusters of needles, 
m. p. 211-12°. (Found: Cl, 40-9 p.c.). The o-compound was crys- 
tallised from toluene, m. p. 204-05°. (Found: Cl, 40°6 p.c.). 

The o-acid has a strong tendency to form the diacidic compound 
which rendered purification difficult. 

3-aBBB-Tetrachloroethyl-5-methyl-6-hydrozybenzoic acid.—This 
modified method was also tried with o-cresotic acid (1 mol.) chloral 
hydrate (3 mols.) and sodium chloride and sulphuric acid as before. 
After 2 days, the mixture was poured on to ice and the product 
crystallised from carbon tetrachloride, m. p. 184-85°. (Found: 
Cl, 44°8. Cy 9HgO Cl, requires Cl, 44°6 per cent.). 


DrparTMENT, 
a ny eens oF Science, Received March 14, 1932, 
Bo 
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A Study of the Interaction between Thionyl Chloride 
and Substances containing the Reactive Methylene 
(-CH,-) Group. Part III. 


By K. G. NarxK anv V. B. Twosar. 


The present work is a direct continuation of a previous work 
(Naik and Parekh, J. Indian Chem. Soc., 1930, 7, 137) the amides 
used being the substituted amides of acetoacetic acid and acetone 
dicarboxylic acid. The aim of this work is to show that the reacti- 
vity of the hydrogen atoms of the reactive methylene (-CHg,-) group, 
situated between two carbonyl groups, with respect to thionyl 
chloride, is in complete accordance with the hypothesis put forward 
(Naik, J. Chem, Soc., 1921, 119, 1166, 1231; Naik and Avasare, 
J. Chem. Soc., 1922, 124, 2592), viz., that the interaction of 
sulphur monochloride and a compound containing a reactive methylene 
group, depends upon the nature of the groups attached to the two 
remaining valencies of the carbon atom. 

Thiony! chloride was made to react with following amides in 
presence of dry benzene. 

(1) Acetoacetanilide, (2) acetoacet-o-toluidide, (3) acetoacet- 
m-toluidide, (4) acetoacet-p-toluidide, (5) acetoacet-a-naphthyl- 
amide, (6) acetoacet-8-naphthylamide, (7) acetoacet-(1:3:4)- 
xylidide, (8) acetoacet-(1:4:5)-xylidide, (9) acetone dicarboxyani- 
lide, (10) acetone dicarboxy-o-toluidide, (11) acetone dicarboxy- 
p-toluidide, (12) acetone dicarboxy-a-naphthylamide and (13) acetone 
dicarboxy-8-naphthylamide. 

When the solution was refluxed there was a copious evolution of 
hydrochloric acid with a change in the colour of the solution. 
The reaction was complete at the end of one hour. 

The preparation of the substituted amides of acetoacetic acid 
was first attempted following the method described by Knorr (Ann- 
alen, 1836, 286, 75) which was subsequently discarded, yield being 
found extremely unsatisfactory. After some trials, the method used 
by Ewins and King (J. Chem. Soc., 1913, 103, 104) with some modi- 
fications was found to yield satisfactory results. For the prepar- 
tion of the substituted amides of acetone dicarboxylic acid, the method 
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described by Besthorn and Garben (Ber., 1900,38, 3439) was adopted. 
Amides (5 to 8) and (12 to 13) have been prepared for the first time. 

The reaction in the case of substituted amides of acetoacetic acid 
(1 to 8) can be represented thus: 


CH,;CO CH,CO 
H, + soci, ——> :8:0 + 2HCl 
R‘NH‘C R'NH‘C 
(I) 


In the case of the substituted amides of acetone dicarboxylic 
acid (9 to 13), although more than two molecules of thionyl 
chloride were taken for every molecule of the substituted amide to 
give ample opportunity for the substitution of sulphoxide groups for 
all the hydrogen atoms in the two reactive methylene groups, reaction 
did not proceed to this extent and the product contained only one 
sulphoxide group, one hydrogen atom of each methylene group 
having been substituted. 


R‘NH'C a RN ON on 
60 + sock, —> Co pee +2HCl 
Hy 
R‘NH‘C R‘NH‘C 
(II) 


The above constitution of the sulphur compounds follows from 
the following considerations : 

(i) That the two hydrogen atoms are not supplied by the phenyl 
group follows from the reasons, (2) malondimethyl amide which does 
not contain such a pheny! nucleus reacts similarly with thiony! chloride 
to give a similar sulphoxide (Naik and Parekh, loc. cit.); (b) acetone 
dicarboxyanilide which contains two such phenyl! groups also gives 
the same type of compound. On the supposition that the phenyl 
group is reactive, such a compound cannot be expected. 

(ii) That the two hydrogen atoms are not those which are 
originally attached to the nitrogen atom of the -NH’R group for, 
(a) in the first place there is only one such hydrogen in a molecule of 
acetoacetanilide, while two hydrogen atoms have taken part in the 
reaction from the same molecule of acetoacetanilide; (b) a tertiary 
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amide like malondimethylphenylamide which does not contain such 
amido hydrogen, reacts under similar conditions with thionyl! chlo- 
ride to give a similar compound (Naik and Parekh, loc. cit.). 

Now taking into considerations the three compounds (i) CH, °CO° 
CH,'CO'NH'R, (ii) R°'NH*°CO°’CH,'CO'NH‘R and (iii)R‘NH'CO’CH,- 
‘CO'CH,'CO'NH'R it will be seen that the total negativity of the 
carbony! groups with their attached radicles in the case of (i) is due to 
two groups, one of which -CO'NH’R is common to all the three 
compounds and the other, the acetyl group, which is more negative 
then the partly neutralised group -CO’'NH’R which is present 
in (ii) and (iii), Again, the negative effect of the central 
carbonyl groupin (iii) is divided between two adjacent methylene 
groups, so that the total negative effect on each of the methylene 
group is smaller than that on a single methylene group when 
linked as -CO°'CH,'CO- as in (i) or (ii). Hence it was expected 
that the two methylene groups in (iii) would be less reactive 
than the one in (ii), which in its turn would be less reactive than 
that in (i). From the facts stated above, it will be quite evident 
that such has actually been found to be the case. Whereas com- 
pounds of the type (iii) have given rise to sulphoxides of the type (II), 
compounds of the type (ii) and (i) reacted thus : 


R'NH‘CO R'NH'CO 
H, + socl, ——> :8:0 +2HCl 
RCO RC 


where R/ is —CH, or —NH‘R group. Reaction in the case of (i) how- 
ever is much faster than in case (ii), Such behaviour is quite in 
accordance with the theory, already referred to above. 

As compared with the sulphoxides of the substituted amides of 
malonic acid, these sulphoxides are not degraded into sulphides by 
boiling in benzene solution in presence of a catalyst like thionyl 
chloride, hydrochloric acid gas or iodine. They are also more stable 
towards moisture. 


EXPERIMENTAL. 


Acetoacet-a-naphthylamide.—Acetoacetic ester (13 g.) was mixed 
with a-naphthylamine (14 g.) in a conical flask with an air condenser, 
and the mixture was heated quickly to boiling and kept gently boiling 
for 14 minutes. On cooling, the amide crystallised out. It was filter- 
ed and washed with a mixture of benzene and light petroleum (1:1) 
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till it was free from the ester and the amine. It was then re- 
dissolved in hot benzene and filtered from the insoluble resi- 
due of the diamide which was also formed in the course of reac- 
tion. The filtrate was diluted with an equal volume of light petro- 
leum (b.p. 50-60°) and allowed to cool. Acetoacet-a-napthylamide 
crystallised out in pale red small needles, m.p. 108-09°. It is highly 
soluble in ethyl alcohol, methyl alcohol, benzene and nearly 
insoluble in light petroleum. (Found: N, 6°12. C,,H,;0,N 
requires N, 6°16 per cent.). 

Rest of the substituted amides of acetoacetic acid (6 to 
8) were similarly prepared by condensing the respective amines 
with ethyl acetoacetate. The results are tabulated in Table I. 

Acetone dicarbory-a-naphthylamide.—Acetone dicarboxylic ester 
(10 g.) and a-naphthylamine (11 g.) were mixed together and heated 
in a sealed tube at 130° for 24 hours. The reaction mixture was 
diluted with about 500 c.c. of benzene when the amide separated out. 
It was filtered and washed with benzene till free from ester and 
finally with ether to remove amine. It was then recrystallised from 
hot alcohol as pale red granular mass, m.p. 165°. It is fairly soluble 
in glacial acetic acid, sparingly so in alcohol but insoluble in benzene, 
toluene, light petroleum or ether. (Found: N, 6°94. Co,H» ,03Ne 
requires N, 7°07 per cent.). 

Acetone dicarbory-B-naphthylamide was similarly prepared from 
acetone dicarboxylic ester and 8-naphthylamine. The results are 
tabulated in Table IT. 

Acetoacetanilide sulphoxide.—Pure dry acetoacetanilide (1°7 g.) 
was made to react with thionyl chloride (1°4 g.) in presence of dry 
benzene (30 c.c.). After refluxing for 1 hour, when the evolution 
of hydrochloric acid had nearly ceased, the clear solution obtained 
was concentrated and allowed to cool. Nothing separated out. Hence 
it was slowly added to a large amount of dry light petroleum (b.p. 
50-60°) when a beautiful snuff coloured compound separated out. It 
was redissolved in benzene and separated by slow addition of light 
petroleum. It was then kept in an alkali desiccator till it was free 
from hydrochloric acid. It melts with decomposition to a thick black 
liquid at 90°, with a previous shrinking at 69°. (Found: N, 6°43 ; 
8, 14°26. C, ,9H,O;NS requires N, 6°27 ; 8S, 14°35 per cent.). 

_ All other sulphoxides were similarly prepared by treating the res- 
pective amides (1 mol.) with thionyl chloride (1 mol.) under similar 
conditions. The results are tabulated in Table III. 
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A Physical Method of Estimating Ferrous and Ferric 
Iron formed by the Actions of Potassium Dichromate 
and Potassium Permanganate upon Ferrous Salt. 


By Mata PrasaD AnD P. Y. DESHPANDE. 


In the present investigation the amounts of ferrous and ferric 
iron have been determined by the use of absorption spectra. A quartz 
spectrograph. was used. An iron arc consuming three amperes was 
used as the source of light. A Baly’s absorption tube with quartz 
end-plates was used. The width of the slit, the focus, the necessary 
aperture and the time of exposure were adjusted by taking some 
trial spectrograms. Standard solutions of ferrous ammonium sul- 
phate, potassium dichromate and potassium permanganate were 
prepared from Merck’s pure chemicals. After taking the absorption 
spectra of pure solutions, the ferrous salt solution was mixed respec- 
tively with potassium dichromate and potassium permanganate in 
different known proportions. With single solutions or with mixtures 
of solutions, the length of the absorption column of the Baly’s tube 
was varied and several photographs were taken. The thickness 
exposed was then expressed in terms of equivalent thickness of 
M/10,000 solution with respect to iron. 

The strength of the mixture has been expressed in terms of its 
iron contents and it has been called ‘ molal ’ when it contains 56 g. 
of iron in 1000 c.c. of the mixture. 

Ferrous ammonium sulphate has only total absorption and when 
it is mixed with either of the oxidizing salts, they lose their charac- 
teristic bands and the mixture gives only total absorption. As the 
composition of the mixture is changed, the absorption border also 
shifts. The results of the measurements for various mixtures with 
potassium dichromote and potassium permanganate respectively are 
graphically represented in Figs. 8 and 4. In these graphs the loga- 
rithm of equivalent thickness for M/10,000 mixture has been plotted 
against the corresponding absorption edge. 

The absorption borders of mixtures containing different propor- 
tions of potassium dichromate and potassium permanganate were 
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read at log t=4 from the curves shown in Figs. 3 and 4 and the 
results are graphically shown in Figs. 1 and 2. 

The graphs in Figs. 1 and 2 can be used to determine the percen- 
tage of ferrous and ferric iron present in a mixture of known iron 
content, containing the ferrous salt and either of the oxidizing agents 
in amounts insufficient to oxidize the whole of the ferrous iron. 

The absorption spectrum of a mixture of known iron contents (say 
0°048M) containing ferrous ammonium sulphate and potassium dich- 
romate is taken at a thickness t=1/c (where c is the molality of the 
mixture) and it is assumed that the absorption edge lies at 36660 
A.U. From graph in Fig. 1, the proportion of ferrous and ferric iron 
for this absorption edge is 89°45 to 10°55. Since the total quantity 
of iron in 1000 c.c. is 2°688 g., the quantities of ferrous and 
ferric iron are 1°4154 g. and 0°2726 g. respectively. 

The results thus obtained have been compared with the theoretical 
ones. The method can be used for estimation of ferrous and ferric 
iron in a mixture under the conditions stated. 


TaBiz I. 


Potassium Dichromate. 


Theoretically calculated. Physically determined. 
Fe(ous). Fe(ic). Fe(ous). Fefic). 
98°24 1°76 98°50 1°50 
90°02 9°98 89°40 10°60 
80°19 19°81 81°20 18°80 
64°89 35°61 65°10 34'90 
37°47 62°53 36°99 63°01 

TaBxe II. 


Potassium Permanganate. 


Theoretically calculated. Physically determined. 
Fe(ous) Fetic) Fe(ous) Fe(ic) 
95°72 428 96°10 3°90 
75°70 24°30 75‘90 24'10 
64 37 35°63 64'40 85°60 
50°40 49°60 50°60 49°40 


30°27 69°73 80°67 69°37 
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A Note on the Relation between Coagulation and 
Gelation Points of Sols. 


By Satya Prakasa. 


Gessner (Koll. Chem. Beih., 1924, 19, 213) found in the case of 
vanadium pentoxide sol that more electrolyte is necessary to give a 
jelly of the sol in a definite period than to coagulate it. In this 
connection, I am submitting some of my observations regarding 
positively charged sols. 

A known amount of the sol was mixed with different concentra- 
tions of electrolytes and the volume was kept constant in every case 
by the addition of water. The sols were allowed to stand for one 
hour, and the minimum amounts of electrolyte necessary to com- 
pletely coagulate the sol and to give the jelly in the same period 
were noted. In the case of lyophilic jelly-forming sols, it is rather 
difficult to expect that the particles would settle down soon after 
coagulation, and therefore, the end points for coagulation were taken 
by filtering the sols and observing that no colloidal phase passes down 
in the filtrate at the point. 


TABLE I. 


Time of observation=1 hour. 


g 3 : 

Hy = “~ . 8 4 
a . ° i) 3 

Sol. s & 8&8 P Electrolyte. 32 8 

a ¢ 8 3 v2 3 

s 8 to) 8 o 

a Ss <« & o 

[c.c.] [e.c.] [c.c.] [c.c.] 

1. Ferric arsenate 5 30g. 2°56 65°0 N/6-KCl 0°35 «=: 0°45 

3°0 5°0 - 0°40 80°50 

15 50 N/200-K,S0, 0°50 1°10 

20 56°0 i 060 «61°15 

2°65 50 -_ 0°70 «61°30 

2. Chromic arsenate 6 364 40 60 N/5-K,80, 090 1°10 

40 6°0 N/10-KjFeCy, 0°65 0°80 

8. Zirconium molybdate 5 14°48 40 60 N/20-KCl 0°30 «60°40 

40 60 N/50-K,S0, 0°30 1°00 

4. Zirconium borate 4 24°72 40 60 =N/4-KCl 0°80) =—:11°20 

40 60 N/10-K,S80, 0°80 1°50 

*5. Titanic acid . 15°02 80 40 #£N/50-KCl 060 0°70 

N/50-KBr 090 »=—1°00 

N/500-KgCrO, 080 =—1'00 

N/125-K SO, 0°30 =60"50 

N/1000-K3;FeCyg 0°40 “50 


~ = 
— 
= 
= 
= 


N/1000-K,FeCyg 0°30 


* ef. Bhatia and Ghosh, J. Indian Chem, Soc., 1930, 7, 687. 
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Similar reSults have been obtained with other sols both nega- 
tively and positively charged. From these results, it appears that 
a little more electrolyte is necessary to set a jelly than to coagulate 
the jelly-forming sol in the same time. The same amount of 
electrolyte which coagulates a sol in one hour would give the jelly 
in a period which varies with the purity of the sol. In the case of 
comparatively impure sols, the period of gelation has been extended 
from that of a few hours to 24 hours and even more. The effect of 
purity on the relation of coagulation and gelation points is illustrated 
in Table II. 

A sol of ferric arsenate, containing much excess of ferric chloride 
was prepared and during the course of dialysis, its gelation and coa- 
gulation points and also the concentration of chloride ions were 


determined. 
TaB.eE II. 


Amount of sol taken=3c.c. Total volume=5 c.c. Time=1 hour. 


Molar conc. of K,S0, _ Gelation — 
Days dialysed. Conc. per Conc. of chlo- coagulation 
litre. ride ions. to coagu- to give jelly ratio. 
late. 
3 25°68 g 0°077N 0°08M no jelly _ 

10 22°31 0°018N 0°0015M 0°0025M 1°66 

il 21°42 O°O1LN 0°0012M 0°0016M 1°33 

12 21°67 0°0085N 0°00U8M 0°0010M 1°25 

13 23°91 0°0070N 0°0005M 0°00055M 1°10 


The results recorded in this table show that as the sol becomes 
purer, and the concentration of chloride ions becomes less on dialysis, 
the ratio between gelation and coagulation concentrations approaches 
unity. In the case of very pure sols, gelation and coagulation points 
coincide with one another. 

The difference between gelation and coagulation points is more 
marked when the sols are coagulated by bivalent ions than when by 
monovalent ions, as would be seen from Table III. The results are 
based on the figures given in the Table I. 
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TaseE III. 


R is the ratio between the gelation and coagulation concentrations. 


Sol. R with KCl. R with K,S80,. 
Ferric arsenate 0°45/0°35 =1°28 1°30/0°70=1°85 
Zirconium molybdate 0°40/0°30=1°33 1°00/0°30 = 3°33 
Zirconium borate 1°20/0°80=1°5 1°50/0°80 =1°87 
Titanic acid 0°70/0°60 = 1°16 0°50/0°30= 1°66 


From these results, it would be seen that in all the cases, the 
value of R is greater when the coagulation is effected by potassium 
sulphate than when by potassium chloride. 


The author wishes to express his indebtedness to Prof. N. R. 
Dhar for his very kind interest and guidance in the work. 
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A Note on the Liesegang Rings of Silver Chromate 
in Gelatine. 


By B. N. Desa anp G. M. Napar, 


It is well-known that sometimes it is not possible to get Liese- 
gang rings of silver chromate in different samples of gelatine. The 
explanation of this particular behaviour lies in the observation of 
Liesegang (Z. Phys. Chem., 1914, 88, 3) himself who has stated that 
the best rings are obtained if the gelatine is not too pure and contains 
suitable amounts of acid and gelatose. The purpose of this note is to 
give some results which indicate the probable role of the py, of gela 
tine on the nature of Liesegang rings of silver chromate. 

A 20 per cent. solution of silver nitrate was allowed to diffuse into 
a 15 per cent. gelatine gel impregnated with 0°1 per cent. of potassium 
dichromate. The experiments were carried out at a temperature of 
28°. The results (mean of three independent experiments) are given 
in the table at the end of the paper. 

The results show that an increase in the acidity of gelatine is 
accompanied by a decrease (i) in the time after which the first ring 
appears, (ii) in the distances between the same successive rings and 
(iii) in the number of rings which can be obtained. The statement 
that addition of suitable proportions of acid increases the width of the 
chromate rings until, with excessive amounts, the whole precipitate 
forms a continuous band (E. Hatschek, ‘* A Laboratory Manual of 
Elementary Colloid Chemistry ’’ 1920 Ed., p. 125) is not supported 
by these experiments and it is difficult to understand the reasons of 
differences in the results in the two cases. A decrease in the dis- 
tances between successive rings wish an increase in the acidity of 
gelatine might be due to the following effect. 

We have shown (paper by Desai and Nabar which is in course of 
publication in the Trans. Faraday Soc.) that the inhibitive power of 
gelatine increases with a decrease of its px (addition of acetic acid) 
due to an increase in the opposition to the growth of crystallisation 
centres and that a sample of gelatine with lower p® can keep a 
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greater amount of silver chromate in ionic condition than another 
sample with higher px. The degree of supersaturation having 
increased with an increase in the acidity of gelatine, once a crystal- 
lisation centre is formed, both its rate of growth and the ultimate 
size of the particle of the precipitate will be great. Now an increase 
in the size of the particles of the precipitate will decrease the adsorp- 
tion of the substances present in the neighbourhood due to a decrease 
in the specific surface and hence silver nitrate will not have to travel 
a great distance before the metastable limit for the appearance of the 
next ring is reached. It would thus appear that the distances 
between successive rings will decrease with an increase in the acidity 
of gelatine due to an increase in its inhibitive power. 


With an increase in the acidity of the gel the rings are found to 
be spiral shaped, broken at places, or are not obtained at all because 
of the fact that there is a tendency for the particles of the precipi- 
tate to become bigger as shown by these results. As pointed out by 
Bradford (J. Soc. Chem. Ind., 1929, 48, 79) if the precipitate can be 
obtained in a fine condition good rings can always be obtained. He 
achieved this purpose by working with dilute solutions of the reac- 
tants or by decreasing the solubility of the precipitate in the gel by 
adding alcohol to it. One would thus expect that perfectly good 
rings of silver chromate should be obtained in gelatine having a 
higher pu, because the number of crystallisation centres being 
increased the precipitate will be obtained in a finer conditiou. But 
this process cannot probably go on indefinitely. For, as we have 
shown (Desai and Nabar, loc. cit.) increase of pg causes a decrease 
in the maximum possible saturation and, therefore, we may expect 
that ultimately the supersaturation value will coincide with that 
corresponding to the saturation solubility product. The consequence 
of this will be that although the precipitate may be in a fine condition 
it will be deposited more or less in a continuous manner throughout 
the medium without the formation of rings. The rate of diffusion 
may also change with a change in the pu of gelatine and might pro- 
bably be connected with this. The question, however, requires 
further investigation. It is possible that there might be definite 
limits to the px value of gelatine within which good rings of silver 
chromate can be obtained. 


We are at present investigating in detail the influence of the 
inhibitive power of different gels on the formation of banded precipi- 
tates of various sparingly soluble substances. 
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The Reaction between Quinolinic Anhydride and 
Phenylhydrazine. 


By Prem Ransgan Sen-Gupta AND ANUKUL CHANDRA SIRcAR. 


Hitte (J. pr. Chem., 1887, ii, 85, 265, etseq) has shown that 
phthalic anhydride condenses with phenylhydrazine to give four 
different condensation products under different experimental con- 
ditions . 


COOH 


co 
<1) CoC N'NHPh (11) CoH, 
O \co-NH-NHPh 


Phthalylphenylhydrazine. Anilidophthalaminic acid. 
CO'NH'NHPh CO—NH 
(Ill) CoH, (IV) C,H, | 
\co:-NH-NHPh 00——N'Ph 
Phthalyldiphenylhydrazine 8-Phthalylphenylhydrazine. 


(Dianilinophthalyldiamide). 


According to Hétte (loc. cit.) the compound of type (IV) is 
formed not by the direct action of one molecule of phenylhydrazine 
and one molecule of phthalic anhydride but by the elimination of one 
molecule of phenylhydrazine from a compound of the type (III) first 
formed. 

Ghosh (J. Chem. Soc., 1919, 115, 1103) attempted the conden- 
sation of quinolinic acid with phenylhydrazine and obtained a com- 
pound of the type (I). 

Using different experimental conditions, besides quinolinyl- 
phenylhydrazine, compounds of the types (II) and (III) in a very 
pure condition and most probably a compound of the type (IV) in 
a somewhat impure condition have now been obtained by the con- 
densation of quinolinic anhydride with phenylhydrazine. In an 
experiment in which quinolinic acid and higher temperature were 
used, a new compound, as indicated by its melting point, containing 
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the same percentage of nitrogen as required by the compound of type 
(III) was obtained. In view of the fact that at a higher tempera- 
ture quinolinic acid evolves carbon dioxide and is converted to 
nicotinic acid it is surmised that the same change took place under 
conditions of the experiment and the resulting nicotinic acid reacted 
with phenylhydrazine to form phenylhydrazinonicotinate. 

Quinolinic as’ well as phthalic and naphthalic anhydrides have 
also been condensed with unsymmetrical methylphenylhydrazine 
but in each case compounds of the type (I) have only been obtained. 


EXPERIMENTAL. 


Anilidoquinolinaminic Acid. 


ve 


YY \co-NH-NHPh 


Quinolinic anhydride ‘0°75 g.) was suspended in benzene (10 c.c.) 
and to this, a solution of phenylhydrazine (0 55 g.) in 5 c.c. of benzene 
added and the mixture allowed to stand at the ordinary temperature 
with occasional stirring for 2 days. The separated solid was 
collected, washed first with benzene, then with a little alcohol and 
finally crystallised from alcohol in colourless needles, m.p. 146° 
(decomp.). It isinsoluble in benzene, easily soluble in alcohol or 
acetic acid. It dissolves in sodium carbonate solution. (Found: 
N, 16°68. C,;H,,0;N, requires N, 16°34 per cent.). 


Quinolinyldiphenylhydrazine (Dianilidoquinolinyldiamide). 


CO'NH‘NH Ph 
Va 


C;H,N 
©" \co'NH'NH Ph 


A mixture of quinolinic anhydride (0°7 g.) and phenylhydrazine 
(0°5 g.) (equimolecular quantities) was heated in a test tube on an 
oil-bath at 120-30° for 10 minutes and then allowed to cool. The 
fused mass was dissolved in alcohol. On adding very dilute hydro- 
chlorie acid to the solution, a solid separated which crystallised from 
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alcohol in yellow needles, m.p.201° It is soluble in 
alcohol, acetic acid or pyridine, and insoluble in ben- 
zene. It dissolves in strong sulphuric acid with light violet 
colour which disappears on heating. (Found: N, 20°31. Cy, 9Hy7- 
ON, requires N, 20°17 per cent.). 

In the anticipation of obtaining 8 quinolinylphenylhydrazine 
(i.e., compound of the type, IV), the preceding compound was heated 
to 200° for 1 hour. It suffered decomposition and phenylhydrazine 
was given out. But the other resulting product could not be 
obtained in a sufficiently pure state. 


Phenylhydrazinonicotinate. 


CO'NH'NH Ph. 


(y 


\Z 
N 


Quinolinic acid (0°5 g.) with phenylhydrazine (2 c.c.) was heated 
in a test tube on the oil-bath for 20 minutes at 200-30°. On adding 
spirit to the resulting product, a yellow compound separated which 
crystallised from alcohol as yellow plates, m.p. 185°. It is sparingly 
soluble in cold alcohol, more so in the hot solvent and insoluble in 
benzene. (Found: N, 20°24. C;.2H,,;ON; requires N, 19°71 per 
cent.). 


Phthalyl-a-methylphenylhydrazine. 


C 
oC NN CH,)PA 


The fused mass obtained by heating together methylphenylhydra- 
zine (0°6 g.) and phthalic anhydride (0°7 g.) on an oil- bath at 180° 
for 10 minutes, was dissolved in alcohol. The crystalline precipitate 
which separated on the addition of dilute hydrochloric acid to the 
solution, was finally crystallised from alcohol in yellow rectangular 
plates, m.p. 124°. It is soluble in alcohol, acetic acid or acetone, 
and insoluble in benzene or ether. It dissolves in strong sulphuric 
acid with a pink colour. (Found: N, 11°37. C,,;H; 0 .N¢ requires 
N, 11°11 per cent.). 
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Quinolinyl-a-methylphenylhydrazine.— | Methylphenylhydrazine 
(0°6 g.) and quinolinic anhydride (0°7 g.) were heated together at 120° 
for 15 minutes on the oil-bath. The resulting mass was dissolved 
in alcohol and preqipitated from the solution by the addition of 
dilute hydrochloric acid. It crystallised from alcohol as yellow 
prisms, m.p. 155°. Its properties are similar to those of the preced- 
ing compound. (Found: N, 16°82. C,,H,,0,N; requires N, 16°60 
per cent.). 

Nphthalyl-a-methylphenylhydrazine was prepared from  naph- 
thalic anhydride (1 g.) and methylphenylhydrazine (0°6 g.) in the same 
way as the two preceding compounds and finally obtained as yellow 
plates, m.p. 210°. It is soluble in alcohol or acetic acid, more so in 
the hot solvents and insoluble in benzene. (Found: N, 9°58. 
C)9H,,0,Ng requires N, 9°27 per cent.). 


CHEMICAL LABORATORY, 
Dacca UNIVERSITY. Received March 12, 1982. 
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Coumarins and Chromones from 8-Naphthol. 


By Bran Braari Dey AND ArRupPATHI KRISHNASWAMI 
LAK SHMINARAYANAN. 


The naphtha-a-pyrone derived from f8-naphthol and acetoacetic 
ester yields smoothly and quantitatively an extraordinarily stable 
coumarinic (cis) acid (Dey, J. Chem. Soc., 1915, 115, 1620, 1630). 
As far as we are aware, it provides the only exception to the rule 
that coumarins as a class, and specially those with an alkyl group 
in the 4-position, offer considerable resistance to the opening of the 
pyrone ring by alkalis, and eventually form only unstable coumarinic 
acids which cannot be isolated as such, but are reconverted into 
the original coumarins on acidifying their alkaline solutions. No 
plausible explanation of the remarkable stability of the methyl-- 
naphthacoumarinic acid has yet been offered and there also remains 
some uncertainty regarding the constitution of the #-naphthapyrone 
itself (Dey, loc. cit. p. 1615). Further work on the constitution of 
8-naphthapyrones in general has recently been published (J. Indian 
Chem. Soc., 1932, 9, 71). 

Bacovescu (Ber., 1910, 43, 1280) first prepared a pyrone which 
was designated 1-methyl-4:3-8-naphthapyrone (vide, infra) having 
the following constitution, 


by condensing #-naphthol and acetoacetic ester with the aid of 
concentrated sulphuric acid, and the same compound was subse- 
quently prepared (Dey, loc.cit. p. 1628) by heating 4:3-8-naphthapy- 
rone-1-acetic acid above its melting point (191°). While preparing 
large quantities of this pyrone, the curious fact repeatedly came to 
our notice that although the crude material, after washing free 
from unchanged f-naphthol by alkali, appeared crystalline and 
fairly pure, and amounted to as much as 75 per cent of the theoretical 
yield (16 g. of the uncrystallised body were uniformly obtained 
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from 14 g. of B-naphthol), the product melted very indefinitely, and 
the pure 8-naphthapyrone (m.p. 179°) ultimately obtained by several 
recrystallisations of the crude product from boiling alcohol, amounted 
hardly to 24 per cent (5 g.) of the yield required by theory. The 
presumption seemed, therefore, to be reasonable that the reaction 
had led to the formation of some other product or products, the 
separation of which in a pure state by fractional crystallisation from 
a suitable solvent or by treatment with alkalis at different tempera- 
tures, should be practicable. Attempts at separating the constituents 
of the mixture by these methods have not yet been successful, but 
evidence has been obtained from other directions which has settled 
definitely the nature of the second component. The possibility that 
the impurity in the present case might consist, at least to some 
extent, of the corresponding 8-naphthachromone derivative suggested 
itself quite early in the investigation, and a reference to literature 
showed that the expected methyl-8-naphthachromone, which is 
designated 3-methyl-1:4-8a-naphthapyrone* having the following 
constitution 
CH 
OC C’CH, 


lo 


had already been described by several investigators. It appears to 
have been first synthesised by Schneider and Kunau (Ber., 1921,54, 
2302) by condensing f-naphthylmethylether with sulphoacetic acid 
(a mixture of acetic anhydride and sulphuric acid) and treating the 
resulting 2-acetyl-3-methyl-1:4-8a-naphthapyrone (m.p. 157°) with 
alcoholic ammonia, when the desired naphthachromone (m.p. 168°) 
was obtained. Wittig (Annalen, 1925, 446, 155) subsequently 
prepared the same compound by heating 1-aceto-2-naphthol with 
sodium acetate and acetic anhydride, a mixture of the 2-acetyl deriva- 
tive (m.p. 157°) and the methyl-8-naphthachromone (m.p. recorded 


* There seems to exist some confusion in the method of nomenclature of these 
bodies. The names 8-naphthacoumarin and 8-naphthachromone chosen by Bartsch 
(Ber., 1903, 36, 1969), Bacovescu (loc. cit.), Schneider and Kunau (loc. cit:), and 
others are obviously unsuitable, while the designations 1-methyl-4 : 3-8-naphtha- 
pyrone (Dey, J. Chem. Soc., 1915, 115, 1629) for the coumarin, and 3-methyl-l : 
4-8a-naphthapyrone (Menon and Venkataraman, J. Chem. Soc., 1981, p. 2594) for the 
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by Wittig is 164°) being obtained. Recently Menon and Venkataraman 
(J. Chem. Soc., 1981, p. 2594) prepared the above mentioned 2-acety! 
derivative by the same method as that described by Wittig, and 
obtained from it the pure #-naphthachromone (m.p. 168°) by 
deacetylating it with alcoholic ammonia according to the directions 
given by Schneider and Kunau (loc. cit.). The constitution of this 
methyl-8-naphthachromone would thus appear to have been well 
established by these syntheses, and the same compound has now 
been synthesised from f$-naphthol and acetoacetic ester by using 
phosphorus pentoxide as the condensing agent (Simonis’ method). 
The chromone is best characterised by conversion into the 2-styrene 
derivative which is formed with extreme readiness and separates 
in almost quantitative yield from alcohol according to the following 
equation (cf. Heilbron, Barnes and Morton, J. Chem. Soc., 1923, 
128, 2565). 
CH CH 

oc (~ C:CH, co ox H=CH‘Ph 


EtONa 
+ Ph‘CHO ———> O +H,0 


0 
oe he 
\W \Z 
corresponding chromone, do not convey a clear idea of the relationship between the 
structures of these two bodies. The following system of naming the coumarins 


and chromones derived from 8-naphthol seems to have the advantage of being more 
consistent and has been adopted by us in the present paper :— 








3 CH , CH 
HC’ 4 2 co 
10 , 0 
9 
8 5 
1 :2-8a-Naphthapyrone. 1 :4-Ba-Naphthapyrone. 
9 30 10 ig 190 
i YY co é 7 CH 
; CH |, CH 
7 3 7 3 
iV Vee OV Yes 


1 :2-88-Naphthapyrone. 1 :4-88-Naphthapyrone. 
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The reaction with benzaldehyde thus affords a suitable test for 
detection of the chromone even when it occurred in minute quanti- 
ties, and was therefore applied to the determination of its presence 
in the crude mixture obtained by the condensation of §-naphthol 
and acetoacetic ester by means of sulphuric acid. On treating a 
warm alcoholic solution of the crude material with benzaldehyde 
followed by the, addition of a slight excess of alcoholic sodium 
ethoxide, considerable quantities of the sparingly soluble styrene 
(m.p. 198°), identical in all respects with that derived form the 
chromone, crystallised out in the course of an hour. The pure 
8-naphtha-1:2-pyrone (m.p. 179°), however, when treated in the 
same way, gave no sign of reaction or formation of a benzy- 
lidene derivative, and on expelling the unchanged benzaldehyde with 
steam, and acidifying the cold alkaline solution, the stable coumarinic 
acid, mixed with a little unchanged coumarin, slowly separated out. 
These results seem to be of particular interest in their bearing on 
the problem of syntheses of coumarins and chromones by Pechmann’s 
and Simonis’ methods respectively. They prove conclusively that 
coumarins and chromones may doth be formed under the conditions 
of Pechmann’s reaction in which strong sulphuric acid is used as the 
condensing agent. This fact does not appear to have been noticed 
or given due prominence by any of the workers who have recently 
invaded this field, and it may therefore be not out of place here to 
dwell briefly on the history of this reaction. Simonis (Petscheck and 
Simonis, Ber. , 1913, 46, 2015; Simonis and Lehmann, Ber., 1914, 47, 
697; Simonis and Remmert, ibid., 1914, 47, 2229) first claimed to have 
made the observation that chromones and not coumarins were formed 
when, in the usual Pechmann reaction, concentrated sulphuric acid was 
replaced by phosphorus pentoxide in dry ether. In a series of papers 
published by Jacobson and Ghosh (J. Chem. Soc., 1915, 107, 425, 
959, 1051 ; Ghosh, ibid., 1915, 109, 105) the claim was made that 
chromones had been synthesised even by the use of sulphuric acid. 
According to these authors the formation of coumarins or chromones 
in the ordinary Pechmann synthesis seemed to depend on the nature 
of the 8-ketonic ester or the 8-diketone molecule, chromone formation 
being favoured by the substitution of one of the methylene-H atoms 
by an alkyl or other complex groups. These statements remained 
unchallenged until Baker and Robinson (J. Chem. Soc., 1925, 127 
1981; Baker, ibid., 1925, 127, 2349) threw doubt on the authenticity 
of the so-called chromones synthesised by Jacobson and Ghosh, and 
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succeeded in proving definitely that the supposed chromones were 
in reality coumarins. Since then Chakravarti (J. Indian Chem. Soc., 
1931, 8, 129, 407) and Robertson and others (J. Chem. Soc., 1931, 
p. 1256, 1877, 2426) have published much valuable data concern- 
ing the Simonis reaction and shown that the generalisation made by 
Simonis is by no means justified, chromones being formed in only 
a very limited number of cases, ¢.g., those of phenol itself, 
catechol, guaiacol, p-cresol and quinol, while with other phenols 
and with a-naphthol, the products were only coumarins. Robert- 
son and others seem to have arrived at the conclusion that while 
coumarins are exclusively formed by Pechmann’s method, the use of 
phosphorus pentoxides as the condensing agent results, in a few rare 
instances, in the formation of chromones, the course of the latter 
condensation being determined by the nature of the phenol rather 
than by that of the 8-ketonic ester employed. 

In the light of the observations made with 8-naphthol which are 
now recorded, the conclusion is unavoidable that the proposition 
of Ghosh and Jacobson, viz., that coumarins and chromones may 
both be formed in the normal Pechmann process, is fundamentally 
sound. .The important factor which determines the course of the 
condensation, however, is obviously not the 8-ketonic ester but the 
phenol itself, as suggested by Robertson. It seems to be peculiarly 
unfortunate that the large number of incorrect observations recorded 
by Jacobson and Ghosh, the majority of the compounds described by 
these authors as chromones having now been proved to be the cor- 
responding coumarins, should have misled chemists into doubting 
the possibility of their fundamental assumption, viz., that chromones 
are formed even through the agency of sulphuric acid, being 
correct. 


EXPERIMENTAL, 


Preparation of 4-methyl-8-naphthacoumarin (4-methyl-1:2-Ba- 
naphthapyrone) by a slight modification of the experimental condt- 
tions given by Bacovescu (loc. cit.).—A mixture of finely powdered 
B-naphthol (14g.) and ethyl acetoacetate (15 g.) was 
slowly added to ice-cold concentrated sulphuric acid (25 c.c.) and 
shaken vigorously. After 24 hours, excess of cracked ice was added, 
and the precipitated gummy mass washed repeatedly with cold water 
and finally with 20 p.c. methanol when it became granular and easy 
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to filter. It was then left in contact with N/2- caustic soda for some 
hours, filtered, washed with water and dried. The pale yellow 
crystalline solid weighed 16 g. approximately, and melted in- 
definitely between 125° and 160°. The pure coumarin was 
obtained by washing the crude material with cold methanol and then 
erystallising twice from excess of boiling absolute alcohol with the 
aid of animal charcoal. Colourless plates, m. p. 179°, yield 5 g. 

Synthesis of 2-methyl-1:4-Ba-naphthapyrone from 8-naphthol 
and ethyl acetoacetate.—Powdered 8-naphthol (8 g.) and ethyl aceto- 
acetate (7°5 g.) were warmed in a flask until a clear solution was 
obtained, and dry phosphorus pentoxide (15 g.) quickly added and 
thoroughly mixed. The reaction began almost immediately, but 
it never became violent and no cooling was found necessary. The 
mixture was finally heated on the water-bath for 20 minutes,and on 
cooling, ice-water (200 c:c.) was added, the whole thoroughly stirred 
and allowed to stand for 2 hours. A dark tar was deposited which, 
on rubbing repeatedly with N-caustic soda, gradually solidified. It 
was washed with a little cold methanol, and then crystallised twice 
from the boiling solvent with animal charcoal. Colourless rect- 
angular plates, m. p. 163°, yield 1°2 g. (Found: C, 80°1; H, 
5°0. C,4H 190g requires C, 80°0; H, 4°76 per cent.). Admixture 
with the corresponding coumarin (m. p. 179°) depressed its melting 
point to 140°. The substance dissolves in concentrated sulphuric 
acid to a pale yellow solution which exhibits a bright blue fluor- 
escence ( cf. Menon and Venkataraman loc. cit.). 

2-Styryl-1 :4-Ba-naphthapyrone.— Naphtha-y-pyrone (2 g.) was 
dissolved in boiling absolute alcohol (40 ¢.c. approx.) and the clear 
hot solution treated successively with benzaldehyde (2 g.) and a 
solution of sodium ethoxide prepared from 0°5 g. of sodium and 
20 c.c. absolute alcohol. The colourless solution immediately 
turned yellow which gradually changed to an intense red colour. 
The liquid was refluxed on the water-bath for 15 minutes and allowed 
to cool when the flask became filled in a short time witha mass of 
soft yellow needles. One crystallisation from boiling alcohol gives 
the pure styrene, m.p. 198°, yield, nearly2g. (Found: C,83°9; 
H, 4°6. Ce,H,,40g requires C, 84°6; H, 4°7 per cent.). 

The styrene dissolves in concentrated sulphuric acid with a red 
colour and the solution shows a green fluorescence. Alkaline per- 
manganate is decolourised on shaking with an alcoholic solution of 
the styrene, manganese oxides being precipitated, 
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The dibromide, prepared by dissolving the styrene (0°5 g.) in 
warm carbon disulphide (40 c.c.), adding a solution of bromine (0°5 g.) 
in CS, (5 ¢.c.), and shaking for 1 hour, crystallises from hot gla- 
cial acetic acid in yellow plates, m.p. 175° (not analysed). 

Interaction of 4-methyl-1:2-Ba-naphthapyrone and _ benzal- 
dehyde.—An alcoholic solution of the coumarin was treated with 
benzaldehyde and sodium ethoxide in exactly the same way as that 
described in the case of the chromone. The solution became bright 
yellow but did not turn red. Nothing separated even on standing 
for 2 days. The alcohol was partly driven off, the benzaldehyde 
removed with steam, and the cold solution acidified. The solid 
which was precipitated slowly, was found to dissolve only partly in 
cold sodium bicarbonate. The insoluble portion, on crystallisation 
from alcohol, melts sharply at 178°, not depressed by admixture 
with the pure coumarin. The bicarbonate solution, on acidification 
in the cold, slowly deposited a solid in the crystalline condition. It 
melts at 143-44° with sudden effervescence and the residue which 
quickly solidified, melts at 178°. It thus proves te be identical with 
the #-naphthacoumarinic acid (8-2-hydroxy-1-naphthylcrotonic 
acid), m.p. 146° (described by Dey, loc. cit., 1630). 

Condensation of the impure (uncrystallised) coumarin obtained 
from B-naphthol and ethyl acetoacetate with benzaldehyde.—The 
same ccnditions as those employed in the previous cases were 
observed. The mixture changed colour in precisely the same man- 
ner as that noticed with the chromone, and on standing for an hour, 
the characteristic needles of the styrene separated out almost com- 
pletely. 4G. of the crude coumarin gave nearly 0°8 g. of the pure 
styrene derivative, m.p. 198°. 

The investigation is in progress. 
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Studies in the Coagulation of Colloids from the Stand- 
point of Smoluchowski’s Theory. Part III. 
Coagulation of Arsenious Sulphide 
Sol by Sulphuric Acid Solutions. 


By Sarmaar SARVOTTAM JOSHI AND GuruDAS RAMCHANDRA 
PHANSALKAR. 


It was found in Part II (J. Indian Chem. Soc., 1981, 8, 337) 
that in the slow coagulations of the arsenious sulphide sol, using 
dilute sulphuric acid solutions, the diminution of 8, the Smolu- 
chowski’s constant occurred mainly during the early stages of coagu- 
lation. As this conclusion is contrary to the results of some 
workers (loc. cit.) it has been examined here in more detail. 


EXPERIMENTAL. 


The experimental procedure, the method of preparing the sol, 
of measuring (a) and (a—z), the colloid content at the beginning, 
and at a time? after the start of coagulation respectively, were 
the same asin Part II. The results in Tables I—III and in Fig. 1 
refer to coagulations at 18° and 60° for different colloids and electro- 
lyte concentrations. 8, and k the bimolecular constant, were calcu- 


he 1 
lated from p=1/t[ [to -1] and k=—-. a respectively. 


The results under Bp /fy, in tables relate the observed influence 
of temperature on 8, with that deduced from Smoluchowski’s theory 
(vide infra). Curves in Fig. 2 indicate the variation of 8 during 
coagulation in different experiments deduced from data in the tables 
and Fig. 1. 
Discussion, 

The results show that the rate of coagulation is increased by 

increasing the temperature. This is contrary to the observations of 


Linder and Picton (J. Chem. Soc., 1905, 87, 1906) on the coagula- 
tion of the arsenious sulphide sol by dilute sulphuric acid at 13° and 
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Fie. 1. 


0°59 


0°55 


0°47 


0°39 


0°31 


(a—za), the uncoagulated fraction, 


0°23 


0°15 





0 4 8 12 16 


Time in min, 


Curves c,c’ cf. Table I. 
b,b’ II. 
a,a’ It. 


70°. They found that the coagulating concentration was greater at 
the higher temperature. No definite details as regards the colloid 
and coagulator concentration as used by them are available. It 
would appear, however, that the result is not above criticism, since 
the degree of coagulation was measured by an indirect turbidity 
method. 
In agreement with previous results the coagulation—time curves 
in Fig. 1 show that the process cannot be regarded as autocatalytic, 
although no special precautions were taken to prevent the formation 
of any coagulation nuclei in the system by stirring ctc. 
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These results also show that the influence of temperature in 
increasing the rate of coagulation depends on the colloid concentra- 
tion (cf. curves, a,a’ and c,c’, Fig. 1) when that of the coagulator is 
constant, That the last quantity is also a determinant of the tem- 
perature influence on coagulation is apparent from curves, b,b’, Fig. 1. 
This departs markedly from those, characteristic of molecular chemi- 
cal reactions, and also from the simple mechanism of the coagula- 
tion process contemplated in Smoluchowski’s theory (Z. Phys. 
Chem., 1917, 92, 129). According to this theory 8 at two tempera- 
tures T,, and T,, is given by ; 7: sg and 4 7 ; 4 where », 
and », are the viscosities of the medium corresponding to T, and T, 
respectively. It must be pointed out here, that in deriving the 
above equation it has been tacitly assumed that temperature has no 
influence on a factor e which denotes the probability of coalescence 
between two colloid particles in the coagulating sol. 


It is well known that different coagulators do not alter the coagu- 
lation rate to approximately the same extent, or even always in the 
same direction, as the temperature is increased. The above equa- 
tion, however, implies that the temperature coefficient of 8 depends 
only on the viscosity und the temperature of the medium, and is 
therefore independent of the nature both of the coagulator and of 
the colloid. The observed departure from Smoluchowski’s theory 
as regarding the temperature influence can be explained therefore 
by considering ¢, as determined mainly by the ionic adsorption, and 
therefore a function of the nature of the colloid and of the coagula- 
tor ; ¢ is therefore variable with temperature (cf, Part I. J. Indian 
Chem. Soc., 1931, 8, 11). The results under k and 8 show that con- 
trary to the requirements of Smoluchowski’s theory, and in agree- 
ment with general results on slow coagulation, these quantities 
diminish during coagulation. 


The diminution of 8 during coagulation would appear to be main- 
ly due to diminution of e. As there is not much information in the 
literature on this point, it is interesting to see that the time varia- 
tion of 8 in all the coagulations studied is characterised by regular 
curves, A, A’, B,B’, C,C’, in Fig. 2. It is seen from these data and 
in agreement with previous results (Part II.-loc. cit.) that the 
diminution of £ is appreciably greater during the earlier stages of 
coagulation than later, 
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Curves C, C’, Cy & C’; relate 8 with t and 1/t [curves c,c’ Fig. 1]. 


B, BY, By, & BY [ bb’ }. 
A, A’, Ay & A4 [ a,’ }. 














_ 
Je) 
La) 


STUDIES IN COAGULATION OF COLLOIDS 





*saavNag 


“BE6T *L youDpy paaiaoay ‘XLISUBAIN() OGNIPT sauvnag 
‘SaIMOLVHOGV'] IVOINGHD SHY, 
ggo. - 80. 0g.T $20. 9To. gst. SLI. v8.1 SL3 6I 
PT z90. ~— 7 _ 620. eee gst. — LL@ G 
19T. 9II. , 92.1 510. 690. ILI. gst. 20.6 12.8 9.6 
sre. LEZ. Ww. I TOL. eit. SLT. F6T. SI1.G 18.3 T 
sad Lg 91 on -€ ae : 
209 oS8T .8T 81 o8T 
‘eagty tod “g%sy “3 gF.9="oU00 projjoo 1entay 8gtsy 3 ea9t00. 0=‘0*10"y Jo *o" 31 Tt ‘*OS*H/N S2T.0 
‘IIT alavy, 
st L80. = ¢T0- nie 828. oe 68.F ST 
680. ggo. 09.T 180. €z0- L08- ose. Z0.F 86.5 ot 
6ST. TOT. =e Tg.T 890. gF0. 8Ze. sé. 8Z.F 90.9 G 
0g. O6T. 29.1 TSI. 980. 628. 68. 18.¥ ST.¢ 9.3 
TT9. Shr. $8.1 896. 102. oge. OF. ZL.P LB.¢ T 
eas +e eee wee eee eee oss. eee 09.L 0 
209 obT 209 obT obT 209 oFl 
‘ergy aed ®g*sy “3 gT.[=*"ou00 projjoo egy "Sotsy “3 ozcToo. b="0%10" MW joo T **OS’H/N 02-0 
‘TI 1avy, 
0Z0. 610. IL-1 O10. 600. fog. 90°. 96.¢ 10.9 ot 
880. baie 
29.% wie 810. - 60°. a 80.9 an g 
SLO. ZL0. 00.T ¥E0. ¥80. ST¢. ST¢. O1.9 OL.9 9.6 
99T. LST. 90.1 620. SLO. 619. 869. LL9 23.9 T 
ot 1 v0. 36 L0 b~ ae aH } 
209 SI “peo “sqo 209 eST 209 oST 209 e8T 
— empe Ss “mo1;n/os “arm 
"Lg "Ly ‘ery sed ghey “3 (2 9) UMMOIYNP “FOUL ONT, UE ourry, 
“erly xed 8g*sy °8 1Z.[=‘du00 plojjoo perqiay “egs sy ‘3 ¢g9100.0‘O"I0'N JO 29 T **Oos'H/N SZI.0 
*] F1avy, 


















— ——— —_——— Oe 


_—_=— 











Explosion of Oxy-hydrogen Mixtures in Soap Bubbles. 


By Anata Nats Mitra, HarenprA Nato CHATTERJEE, AND 
HeMENDRA Kumar SEN. 


The ignition temperature of inflammable gas mixtures has been 
determined in various ways, ¢.g., (i) by enclosing or passing the gas 
mixture into a heated vessel ; (ii) by direct contact with a hot sur- 
face at any point of the inflammable mixture ; (iii) igniting by adi- 
abatic compression ; (iv) by an electric spark. 

In (ii) and (iv) almost instantaneous ignition is secured, while in 
the other methods a time-lag is present. To secure instantaneous ig- 
nition, soap bubbles full of inflammable gas mixtures were ignited by 
McDavid (J. Chem. Soc., 1917, 111, 1003) by touching these bubbles 
with a hot surface. The divergence in the results obtained by diffe- 
rent authors is to be referred to the different methods adopted to eause 
ignition. The irreproducibility of McDavid’s figures using different 
sources of ignition indicates the futility of attempts to establish 
ignition temperatures, as a physical constant, unless under similarly 
maintained conditions. The maintenance of exactly similar condi- 
tions in the ignition of gaseous mixtures, is hardly feasible in practi- 
cal problems of mine explosions, and other similar accidents. The 
stationary method of ignition is of considerable practical importance, 
but the determination of the lowest ignition temperature under such 
circumstances is of still greater consequence. 

In the present paper we have determined the effect of the volume 
of soap bubbles on their ignition temperatures. The ignition was 
effected by touching the soap bubbles either by an electrically heated 
platinum point formed by bending a wire at an acute angle, or by a 
platinum spiral (Chatterjee and Sen, J. Indian Chem. Soc., 1929, 6, 
441). We have, further, investigated the effect of the length of 
the platinum wire on the ignition temperature. By varying the plati- 
num wires or using the same wire after roughening it by gently 
filing, or platinising it, or poisoning it by sulphuretted hydrogen we 
have come to the conclusion that this method of finding the ignition 
temperature of an inflammable gas mixture in soap bubbles is unreli- 
able on account of the catalytic effect of the wires. 
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The temperature of the point or the spiral of platinum wire was 
determined by reference to a curve plotted with the currents neces- 
sary to melt known substances against their respective melting points 
when they are placed on the platinum point or spiral. The plati- 
num point or spiralis enclosed on all sides except the front by a 
card board box. The working room has an asbestos ceiling and the 
doors and windows are kept closed thereby minimising air-currents 
during the experiment. Each day, however, fresh calibrations were 
made, although it was found possible to work several days with the 
same calibration if the wire was not changed, or the atmospheric 
condition did not change considerably. 

In order to ensure reproducibility of results, the volume of the 
soap bubble had to be kept the same. For this, a special apparatus 
was devised (vide, supra) which enabled us to secure identical volumes 
and to vary the volumes of the soap bubbles as desired. 

The heating current was measured accurately with a standard 
resistance and a standard cell by the potentiometric method. A set 
of secondary batteries was used for heating the platinum wire. The 
volume of the bubbles was controlled by the apparatus (Fig, 1) des- 
cribed below: 

Fig. 1. 
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A is a 5-litre aspirator and V a graduated tube holding 1 litre. 
The whole apparatus is first filled with water and gas is then admit- 
ted through d until most of the water is displaced, the thistle-funnel 
F being temporarily removed. In order to blow a bubble, ¢ is closed, 
b and d are opened with the mouth of F just on the surface of the 
soap solution and water is run from T to a given mark on V,a serv- 
ing to regulate the flow, and the excess gas being allowed to escape. 
F is then removed from the solution with a film over its end and a 
bubble of required size blown by admitting the corresponding quan- 
tity of water into V. When all the gas in V has been used, a further 
supply is admitted from the aspirator by opening e. 

A bottle was filled to about three fourths of its capacity with dis- 
tilled water. One volume of glycerine was added to 8 volumes of a 
2} p.c. sodium oleate solution, shaken vigorously and kept in the 
dark for a week. In making large bubbles, scdium oleate weighing 
about one twentieth of the water taken was found more suitable. 

With variations in the oxygen hydrogen ratio, the formation 
of hydrogen peroxide and ozone was indicated. An approximate 
yield of hydrogen peroxide and ozone (neglecting the catalytic 
effect of the vessel itself in destroying them) was obtained as 
follows: —A steel cylinder of an internal diameter 1)” and a foot long 
was capped at both ends by reducing sockets, one having an insulated 
platinum wire introduced for the purpose of supplying the heating 
source. Both ends had stopcocks and lead-outs and the apparatus 
was tested for gas tightness before the inflammable mixture was 
exploded in it. The explosion vessel was first filled with water and 
then the gas mixture was introduced by displacement of water. After 
explosion, the stopcock at one end was opened, keeping the end 
dipped into a solution of potassium iodide. The solution was well: 
shaken in the explosion tube, run out into a beaker, the explosion 
vessel was repeatedly washed with water, and the whole solution 
titrated by means of a N-100 sodium thiosulphate solution. 315 C.c, 
of a gas mixture having equal volumes of hydrogen and oxygen in it, 
corresponded to 0°3 to 0°4 c.c. of N/100 thiosulphate solution. The 
mixture containing one volume of hydrogen and half a volume of 
oxygen similarly exploded, curiously liberated no iodine, although 
traces of both hydrogen peroxide and ozone were obtained in the ex- 
plosion of the same mixture in soap bubbles. 

The formation of hydrogen peroxide and ozone in soap bubble 


explosions was detected by introducing test papers into the 


8. 
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stem of the thistle funnel, or by interposing the corresponding 
test solution in the system. The reagents used for the purpose 
were an alcoholic solution of tetramethyldi-p-diaminodiphenyl 
methane (a name abbreviated to tetramethyl base), and a solution 
containing a mixture of ferric chloride and potassium ferricyanide 
(Arnold and Mentzel, Ber., 1902, 35, 1824 ; Kaiser and McMaster 
Amer. Chem. J., 1908, 39, 96). Oxy-hydrogen mixtures in the 
ratio of 8:2 or 7:3 gave no test for hydrogen peroxide or ozone. 
In 8:2, 2:1, and 1:1 mixtures both ozone and hydrogen peroxide are 
present in increasing quantities when such mixtures are exploded. 
This shows the formation of ozone when hydrogen is burnt which is 
ascribed to wrong observation by some. 


Although under strictly identical conditions, reproducible ignition 
temperatures are obtainable by this method, the temperature depends 
on the length and shape of the wire and varies considerably, amount- 
ing from 200° to 300° at times. With platinum, the surface seems to 
affect the temperature ; thus a 5” wire which had been in use for 
over a year, could ignite large soap bubbles at a constant tempera- 
ture of 618°, whilst a new 6” wire ignited bubbles of identical size 
at the constant temperature of 355°. The catalytic nature of the 
surface is rendered further evident when the surface of the wire is 
roughened by rubbing with emery paper, or dipped in platinic 
chloride solution and ignited afterwards by passing a strong 
current. In both cases, there is a distinct drop in the ignition 
temperature - 


Gas mixture (H,:0,)=1:1. Vol. of the bubble- = 40 c.c. 


Eap.I, ° Exp, TI. 
Angle. Length. Temp. Angle. Length. Temp. 
New wire 30° 2” 570 60° 1)” 564° 
Rougbened wire ,, a 533° ” ” 545° 
Platinised wire ” ” 500° ” Tr) 527° 


It was found that the ignition temperature of small bubbles was 
greater than that of larger bubbles but as the volume increases 
further, the ignition temperature approaches a constant value 
as may be seen from Fig. 2. This is important both from the 
theoretical as also from the practical points of view. It would appear 
that approximately 500 c.c. is the critical volume at or beyond which 
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Temperature. 


there is no change in the ignition temperature for the same ignition 
source under any particular set of conditions, A perceptible lag is 
noticed in the experiments with larger bubbles. This may be 
compared to the stationary stage of a chain reaction, whilst the 
explosion to the non-stationary stage (Hinshelwood, Proc. Roy, Soc., 
1929, A, 122, 610). In ordinary language, one could say that 
the catalytic reaction initiated in the preflame period, being exother- 
mic, affords sufficient heat to accelerate the chemical reaction to the 
stage of explosion, the large size of the bubble imparting to it a more 
insulated condition and hence a lowered ignition temperature. An 
alternative explanation, both as regards the constancy of ignition 
temperature as also its lowering, may be found in the reduced 
thickness of the soap film with increase in the size of the bubbles. As 
this would mean virtually the non-existence of any dividing septum 
between the gas volume and the source of ignition, a uniform ignition 
temperature is to be expected. This does not explain the remarkably 
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low temperature of ignition, for which we have to depend upon the 
preflame period or the generally insulated nature of the soap bubbles 
when they are large. In fact, to these conditions must be added 
also the catalytic behaviour of the wires themselves. 


EXPERIMENTAL. 


(1) Coil on ‘silica strip. Length of pt. wire, 6’. Vol. of the 
gas mixture, 35 c.c, 


Comp. of gas mixture (H:0) 7:3 2:1 3:2 1:1 2:3. 
Temp. 712° 708° 720° 750° 782°. 


(2) Coil on mica strip. Length of pt. wire, 6’. Vol. of the gas 
mixture, 35 c.c. 


Comp. of gas mixture (H:0)9:1 8:2 7:3 2:1 82 I: 2:8. 
Temp. 747° 743° 750° 754° 757° 758° 765° 


(3) Point source. Angle of the point 30° (approx.). Vol. of the 
gas mixture, 35 c.c. Length of the pt. wire, 6”. 


Comp. of gas mixture (H: 0) 7:3 2:1 3:2 L:1 2:8. 
Temp. 627° 616° 568° 605° 616°. 


(4) Point source. Angle at the point 90° (approx.). Vol. of the 
“gas bubble, 35 .c.c. Length of the pt. wire, 6”. 


- 9 


Comp. of gas mixture (H:0) 7:3 2:1 8:2 1:1 2:3 
Temp. 665° 642° 628° 607° 609° 


(5) Point source. Angle 120° (approx.) Length of the platinum 
wire, 6’. Volume of the gas bubble, 35 c.c. 


Comp. of gas mixture(H:0) 3:2 1:1 2:3 3:37 
Temp. 650° 647° 639° 726° 


(6) Point source. Angle at the point, 90°. Length of the plati- 
num wire (new) 234”, In this experiment, the results of which 
are shown in Fig. 2 (curve 8) the change of the ignition tempera- 
ture with the change of volume of the soap bubble was investigated, 
the composition of the gas mixture being as 1: 1 of hydrogen and 


oxygen. 
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(7) Point source. Angle 90°. Length of the platinum wire 
(new), 44”. Volume of the gas bubble, 35°0c.c. Composition of 
the mixture, 1: 1. Ignition temperature 538°. The influence of 
the length of the wire is very clear from the above data, as with a 
24” wire (Expt. 8) for the same composition and volume, the ignition 
temperature was only 465°. 

(8) Coil on silica strip. Length of platinum wire 9”. With a 
1: 1 mixture of hydrogen and oxygen, ignition temperatures, 775°, 
701°, 668°, 656° were obtained for volumes 35, 150, 250 and 350 c.c. 
respectively. 

(9) Coil on silica strip. Length of the wire, 5’. Composition 
of the gas mixture 1: 1. The resuls of this experiment are shown 
in Fig 2 (curve 11). 

(10) Coil on silica strip. Length cf the platinum wire, 6”, but 
the wire was new. The composition of the gas mixture, the same as 
before, i.e.,1: 1. Fig. 2 (curve 12). 

(11) Point source. Angle 30° approx. Length of the platinum 
wire (new), 6”. Composition of the gas mixture 1:1. Fig. 2 
(curve 13). 

From Fig. 2, the attaining of a constant ignition temperature after 
the bubble has reached a volume of about 500 c.c. is seen. 

Reproducibility of results is evident from the following experi- 
ments. 

1. (a) Point source, angle 30°, 6” pt. wire, 0°2mm. diam, 

(b) 150 c.c. bubble exploded at 551°. 
(c) After two months with same wire and 30° angle, 160 c.c. 
bubble exploded at 550°. 

2. (a) 24” wire, diam. 0°2mm., point source, angle 90°. 100 c.c. 
bubble exploded at 318°. 

(b) 23” wire taken from the same reel as (a) with point source, 
angle 90° exploded at 320°. 


Summary. 


The results recorded in this paper and the previous one (Sen and 
Chatterjee, J. Indian Chem. Soc., 1929, 6, 441) enable us to judge 
the reliability of the present method for determining the ignition 
point of inflammable gas mixtures. There can be no doubt that with 
the same arrangement the ignition temperature is sharp and 
entirely reproducible. Increment in the volume of the soap bubbles 
containing the inflammable mixtures, lowers the ignition point 
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up to a volume of 500 c.c. ; the ignition point remaining constant 
with larger volumes, a slight lag in the explosion being noticed. The 
influence of the composition is not so marked. The most important 
factor is the nature of the platinum surface. Experiments are, how- 
ever, in progress to see if any additional information on this poiut is 
available. There is an important aspect of explosion which has been 
brought about by these experiments: the lowest ignition temperature 
is influenced by catalysis so considerably that the commonly accepted 
values of ignition temperatures of inflammable gas mixtures offer no 
indication of safety in technical accidents, where catalysing sources 
are frequent. Then the question of preflame period is important as 
at considerably lower temperatures ignitions have been initiated 
through protracted warming. Incidentally, the production of H,O, 
and O, in hydrogen oxygen explosions and a few conditions of their 
production have been investigated. 


DEPARTMENT OF A} PLIED CHEMISTRY, 


University Cotiece or SciencE AND TECHNOLOGY, 
CaLcurTra. Received December 17, 1931. 
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Review 


Elektrophorese, Elektroosmose, Elektrodialyse in Fliissigkeiten 
by P. H. Prausnitz, Dr.-Ing-in Jena, and J.Reitstétter, Dipl.-Ing., 
Dr. Phil., Dr. Techn. Published by Theodor Steinkopff, Dresden 
and Leipzig. Band XXIV. Roy! 8vo., 307 pp. 

This book constitutes the twenty fourth volume of the well- 
known series of publications edited by Dr. Raphael Ed. Liesegang, 
Frankfurt, a,M. The authors have very admirably collected an 
enormous amount of useful information which will be of advantage 
to students and specially to advanced workers on the subject. A 
special feature of the book is the information about Patent Litera- 
ture and the industrial aspects of this rapidly developing branch of 
science. Ifthe authors have not entered into a critical discussion 
of the theoretical aspects this is to be ascribed to the contradictory 
points of view characteristic of a subject in a formative stage of 
development. They have attempted to represent the different 
points of view as far as that is possible within the scope outlined 
for the book. The writer hopes that the book will be found useful. 

J. N.M. 


Official and Tentative Methods of Analysis of the Association of 
Official Agricultural Chemists.—Third Edition, 1930. 

This edition is issued about six years after the publication of the 
second edition. There have been considerable additions, alterations 
and rearrangement of data in the new edition. The subject matter 
is broadly grounded into two divisions, non-foods e.g., soils, fertili- 
zers, liming materials, etc., and foods e.g., baking powders, bever- 
ages, cereal products etc. A number of alternative methods of 
analysis are given on each subject and the technique of these ana- 
lysis is brought up-to-date. A few new chapters have been added, 
dealing with caustic poisons, naval stores, paints, radio activity, 
eggs and egg products. Several related chapters have been com- 
bined into one so as to effect a certain amount of condensation in 
the text e.g., the chapter on coffec has been combined with that 
on tea, gelatine with meat and meat products etc. 

To those who are familiar with the first and the second editions 
the new edition will be a valuable supplement. As regards the 
general usefulness of a book of this kind it will suffice to say that 
for those engaged in analytical and research work in Agricultural 
chemistry, the new edition as a laboratory hand book is indispen- 


sible. 
J.C. G. 
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Studies on Reimer-Tiemann Reaction. 
By Ragenpra Nata SEn anv Susiz Kumar Ray. 


A systematic investigation oi the Reimer-Tiemann reaction des- 
cribed in this communication, wherein the influence of the nature 
and position of substituents has been studied, has revealed that when 
chloroform (or carbon tetrachloride) is mixed with alcohol (1:3) the 
yield of the aldehyde (or the acid) is increased. It has also been 
found that in some cases where the sodium salt of the phenol is 
sparingly soluble e.g., in the cases of o-bromophenol and 2-hydroxy- 
anthraquinone, the addition of a little pyridine to the alkali solution 
greatly helps the reaction, but however, the nitrophenols are not 
helped to an appreciable extent by this. It is interesting to note 
that aqueous pyridine may entirely replace alkali hydroxide solution; 
from phenol, salicylaldehyde being formed in this way in an yield fn 
10 per cent. whilst p-hydroxybenzaldehyde is not produced at all. 

When Reimer-Tiemann’s reaction is applied to o-coumaric acid, 
the entrant aldehydo-group attacks the para position only. Similar 
results are obtained also with 8-hydroxyquinoline where the para 
derivative is formed (30 per cent.) to a greater extent than the ortho 
(16 per cent.). o-Nitro- and bromophenols are converted into the cor- 
responding aldehydes much better than the para analogues. Simi- 
larly o-bromophenol gives a better yield of the acid than the para 
compound with carbon tetrachloride. 

The influence of negative substituents (NO,, Cl, Br and 80;H) on 
the reaction is to inhibit the reaction as is to be expected, the nitro 
group exerting the maximum effect. This may also be partly due to 
the very sparing solubility of the alkali salts of nitrophenols and also 
to the specific inhibiting action of the nitro group, because negative 
groups like COOH (cf. aldehydosalicylic acid, yield 27 per cent., 
Wayne and Cohen, J. Chem. Soc., 1922, 121, 1022), SO,H (cf. 
aldehydophenol sulphonic acid, yield 21 per cent., vide infra) alone do 
not supress the reaction to a very great extent. 

The reaction has been successfully applied to thiophenol (yield 
3°5 per cent., thiosalicylic acid with carbon tetrachloride), 2-hydroxy- 
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anthraquinone (yield 25 per cent. of the ortho-aldehyde), 8-hydroxy- 
quinoline (yield 16 per cent. of ortho and 30 per cent. para aldehydes) 
and to thymol which gives 17 per cent. of ortho-and 11 per cent. of 
para-aldehydes. 

The new aldehydes described in this paper condense to give inter- 
esting dyes which will be described subseqently. 


EXPERIMENTAL. 


Salicylaldehyde and p-hydrorybenzaldehyde.—When a mixture of 
phenol (50 g.), chloroform (50 c.c.) and alcohol (150 c.c.) was stirred 
into a solution of sodium hydroxide (100 g. in 160 c.c. water) at 60° 
for 4 hours, gave 18 g. of salicylaldehyde and 3°5 g. of p-hydroxy- 
benzaldehyde, after working up in the usual way. 

A mixture of chloroform (15 c.c.) and alcohol (45 c.c.) and a solu- 
tion of phenol (15 g.) in aqueous pyridine (50 g. in 30 c.c, water) 
when heated at 100° for 30 hours gave 2 g. of salicylaldehyde. 

Salicylic acid and p-hydroxybenzoic acid.—By heating phenol (50 
g.) carbon tetrachloride (85 g.), alcohol (200 c.c.) and caustic soda 
solution (110 g. in 176 g. water) for 36 hours, 7°3 g. of salicylic acid 
and 2 g. of p-hydroxybenzoic acid were formed. The yield was only 
5 p.c. without using alcohol. 

3-Nitrosalicylaldehyde.—A solution of nitrophenol (50 g.), chloro- 
form (36¢.c.) and alcohol (120 c.c.) was added drop by drop to 
caustic soda solution (62 g. in 100 c.c. water and heated on a water- 
bath for 8 hours. The_brownish mass separated on acidification with 
hydrochloric acid, was washed with water and finally crystallised 
from alcohol, m.p. 109°, yield 5°4 g. It was found identical 
with the compound prepared by nitration of salicylaldehyde (Miller, 
Ber., 1887, 20, 1928). (Found: N, 8°42. C;H,;0,N requires N, 
8°38 per cent.). It forms a monoacetyl derivative (m.p. 150°) 
identical with the acetyl derivative of 3-nitrosalicylaldehyde of 
Miller (loc. cit.). 

2-Nitro-4-hydroxybenzaldehyde was prepared from 3-nitrophenol 
exactly as in the previous case. The aldehyde was separated by 
dissolving in hot benzene, in which it is more soluble than 3-nitro- 
phenol. It was finally crystallised from water, m.p. 67°, yield 
1°2 g. from 50 g. of m-nitrophenol. It was found identical with the 
aldehyde and its phenylhydrazone (m.p. 189°) prepared by Sachs and 
Kantorowicz (Ber., 1906, 39, 2754). 
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5-Nitrosalicylaldehyde was prepared from p-nitrophenol, and 
purified through the bisulphite compound, the yield being 3 g. from 
30 g. of p-nitrophenol. It was found identical with the aldehyde 
prepared by Miller (loc. cit.). 

3-Bromosalicylaldehyde and  8-bromo-p-hydrorybenzaldehyde 
were prepared from 0-bromophenol (25 g.) chloroform (15 ¢.c.), alco- 
hol (50 c.c.) and sodium hydroxide solution (27°5 g. in 50 ¢.c. water). 
The temperature was kept at 50-60° initially for 3 hours and the 
mixture was then heated on the boiling water-bath for 6 hours, The 
thick red oil, separating on acidification, was distilled in steam and 
the o-aldehyde crystallised from dilute alcohol in pale yellow crys- 
tale, m.p. 52°, identical with the aldehyde prepared by Miiller (Ber., 
1909, 42, 695) by reduction of 3-nitrosalicylaldehyde and then by 
diazo-reaction. Yield 8-8 g. The aldehyde forms a semicarbazone 
(m.p. 266°) identical with the semicarbazone of the aldehyde pre- 
pared by Miiller. 

The mother-liquor from which the o-compound had been removed, 
was treated several times with boiling water to extract the p-alde- 
hyde. The aqueous extract on cooling, deposited colourless crystals 
of 3-bromo-p-hydroxybenzaldehyde, which was further crystallised 
from chloroform, m.p. 124°, yield 1g. It was found identical 
with the aldehyde prepared by bromination of salicylaldehyde 
(Hantzsch and Mai, Ber., 1895, 28, 2469). 

The semicarbazone crystallised from alcohol in almost colourless 
needles, m.p, 195-96°. (Found:N, 16°45. CgH,O,N; Br requires 
N, 16°28 per cent.). 

If in the above reaction pyridine (15 c.c.) be added to the alkali, 
the yields of the o-and p-aldehydes increase to 5 g. and 1'5 g. 
respectively. 

5-Bromosalicylaldehyde was prepared from 5-bromophenol and 
purified through the bisulphite compound, m.p. 104°, yield 2°5 g. 
It was found identical with the compound prepared by bromi- 
nation of salicylaldehyde (Henry, Ber., 1869, 2, 275; ibid., 1889, 22, 
1135; Auwers and Walker, ibid., 1898, 31, 3042; Auwers and Burger, 
ibid., 1904, 37, 8934). 

The semicarbazone crystallised from alcohol in colourless needles 
decomposing at 297°. (Found: N, 16°6. C,H,O,N;Br requires 
N, 16°3 per cent.). 

8.Bromo- and 5-bromosalicylic acids were prepared from o- 
and p-bromophenols respectively. A mixture of o-bromophenol 
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(2-5 g.), carbon tetrachloride (17 c.c.), aleohol (50 c¢.c.) and caustic 
soda solution (36-5 g. in 73 g. water) was heated for 12 hours on the 
water-bath. The acids were isolated from their barium salts by 
acidification. 

3-Bromosalicylic acid was found identical with the compound pre- 
pared from 3-bromo-5-aminosalicylic acid (Lellmann and Grothmann, 
Ber., 1884, 17, 2715); it crystallises from 50 per cent. methy! alcohol, 
m.p. 184°, yield 0°5 g. The barium salt crystallises in red prisms 
from hot water (cf. Meldrum and Shah, J. Chem, Soc., 1923, 123, 
1986). [Found: Ba, 21°68; H,O, 9°12. (C;H,O;Br),Ba, 3H,O 
requires Ba, 21°99; H,O, 8°66 per cent. ]. 

5-Bromosalicylic acid crystallises from boiling water, m.p. 164- 
65°, yield 0°3 g. It was found identical with the compound prepared 
by the action of phosphorus tribromide on salicylic acid (Henry, loc. 
cit.; Hand, Annalen, 1886, 234, 133; 1893, 278, 122). (Found: Br, 
36:97. C,H,;0,Br requires Br, 36-8 per cent.). 

5-Chlorosalicylaldehyde was prepared from p-chlorophenol as in 
the preparation of 3-bromosalicylaldehyde. It was purified through 
the bisulphite derivative and found identical with the compound 
prepared from salicylaldehyde (Biltz and Stept, Ber., 1904, 37, 
4024; Piria, Annalen, 1851, 80, 196), m.p. 99°5°, yield 0°9 g. from 
25 g. phenol. The semicarbazone melts at 286-87*° and was found 
identical with the semicarbazone of the aldehyde prepared by Biltz 
and Stept. (loc. cit.). 

5-Chlorosalicylic acid, identical with the compound prepared 
by Beilstein (Ber., 1875, 8, 816) was prepared from p-chlorophenol 
(25 g.) carbon tetrachloride (200 c.c.) and caustic soda solution (46 g. 
in 90 c.c. water). The acid crystallises from hot water, m.p. 167°5°, 
yield 0°2 g. : 

1-Aldehydo-2-hydroxybenzenc-3-sulphonic acid was prepared from 
phenol-o-sulphonic acid (10 g.) chloroform (10 c.c.), alcohol (35 c.c.) 
and caustic soda solution (20g. in 82.c.c. water). The aldehyde 
crystallises from hot water in golden yellow needles. It is soluble 
in hot water, sparingly soluble in alcohol, insoluble in ether, chloro- 
form acetcne and benzene; it does not melt below 250°. (Found: 8, 
16°00. C,H,0, S requires, 8, 15°84 per cent.). 

5-Aldehydo-o-coumaric acid, CHO’'C,H;‘OH (CH:CH’COOH) 
(6:2:1).—A solution of o-coumaric acid (15g.) and chloroform 
(14'6 g.) in alcohol (30 c.c.) was added to a solution of caustic soda 
(28 g. in 80 c.c. water) as in the preparation of 3-bromosalicylalde- 
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hyde, but the heating was continued for 12 hours. The brick-red 
powder, separated on acidification, was filtered hot. The aldehyde 
separated from the filter on cooling, and was crystallised from dilute 
alcohol in pale yellow microcrystalline needles, m.p. 220° (de- 
comp.), yield 1°8g. It is described identical with the aldehyde by 
Sen and Chakravarti (J. Indian Chem, Soc., 1930, 7, 249). (Found: 
C, 62°41 ; H, 4°20. C,,~H,O, requires C, 62°50 ; H, 4°16 per cent.). 

The silver salt was prepared in the usual way as yellow 
powder. (Found: Ag, 36°3. C;,H,;O,Ag requires Ag, 36°1 per cent.). 

The phenylhydrazone, prepared in the usual way, crystallised 
from dilute acetic acid as a yellow microcrystalline powder, m.p 
236° (decomp.). (Found: N, 10°22. C,;,H,,03N requires N, 9°92 per 
cent.). 

The semicarbazone prepared in the usual way, crystallised from 
dilute alcohol in almost colourless microcrystalline powder, m.p. 
275°. (Found: N, 16°7. C,,H,,0,N; requires N, 16°86 per cent.). 

6-Aldehydocoumarin.—5-Aldehydo-o-coumaric acid (2 g.) was dis- 
solved in the least quantity of concent rated sulphuric acid and heated 
on the water-bath for 2 hours. When poured into water, it deposited 
a brown mass, which was filtered, treated with sodium carbonate solu- 
tion to remove the unchanged 5-aldehydo-o-coumaric acid. It crys- 
tallised from alcohol, m.p. 187-89°. It was found identical with 
the aldehyde prepared by Stoermer and Oetker (Ber., 1904, 37, 192) 
and Sen and Chakravarti (J. Amer. Chem. Soc., 1928, 50, 2428). 

5-Carbozyl-o-coumaric acid, COOH’CgH;‘OH (CH:CH’COOH) 
(5:2:1).—o-Coumaric acid (15 g.) and carbon tetrachloride (17 g.) dis- 
solved in alcohol (35 c.c.) was added drop by drop to caustic soda solu- 
tion (26°5 g. in 42°5 g. water) and the solution heated onthe water-bath 
for 20 hours with vigorous stirring. The separation of the dicarboxy- 
lic acid was effected as in the case of 5-aldehydo-o-coumaric acid. It 
crystallised from alcohol in pale yellow needles, decomposing at 186° 
and finally melting at 210°, yield 0°5 g. It is soluble in hot water, hot 
alcohol, and acetone ; sparingly soluble in cold alcohol ; insoluble in 
ether, chloroform and benzene. It gives reddish colour with ferric 
chloride. 

Di-silver salt was prepared in the usual way from ammonium salt 
as yellow powder. (Found: Ag, 51°28. C,,H,O;Ageo requires Ag, 
51°18 per cent.). 

2-Methyl-5-isopropyl-6-hydrorybenzaldehyde.—A solution of thy- 
mol (15 g.) and chloroform (16 g.) in alcohol (90 c.c.) wasadded drop 
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by drop to caustic soda solution (20°5 g. in 33 c.c. water) and the 
whole heated on the water-bath to 30° to start the reaction. The stir- 
ring was continued for 5 hours at the room temperature. The deep red 
oil, separating on acidification, was submitted to distillation with 
steam when the o-compound separated as a pale yellow oil. This was 
taken up with ether and purified through the bisulphite compound, 
b. p. 233°, yield 3g. It is insoluble in water and soluble 
in alcohol, ether, chloroform and _ petroleum’ ether ; gives 
an intense violet coloration with ferric chloride. (Found: C, 74°00 ; 
H, 8°01. C,,;H,,0, requires C, 74°15 ; H, 7°86 per cent.). 

The semicarbazone, prepared in the usual way crystallised from 
alcohol as colourless tiny needles, m.p. 242°. (Found: N, 18°10, 
C,9H,7;02Nz, requires N, 17°86 per cent.). 

6-Methy!-3-isopropyl-4-hydrozybenzaldehyde.—After the removal 
of o-aldehyde with steam, the non-volatile p-compound remained as a 
brownish-red substance. The aqueous portion was filtered hot, the 
residue dissolved in caustic soda and precipitated by neutralising with 
acetic acid. The process was repeated four or five times. The alde- 
hyde was crystallised from dilute alcohol in brownish needles, m.p. 
108-10°, yield 2g. It is insoluble in water and petroleum ether ; 
easily soluble in alcohol, ether and chloroform ; it gives no colora- 
tion with ferric chloride. (Found: C, 73°77; H, 8°21. C,,;H,4O9 
requires C, 74°15 ; H, 7°85 per cent.). 

The semicarbazone crystallised from alcohol as pale yellow 
needles, m.p. 191°. (Found: N, 18°03. C,9H),7;O9N; requires N, 
17°86 per cent.). 

7-Aldehydo-8-hydroxcyquinoline.—A mixture of 8-hydroxyquinoline 
(15 g.), chloroform (14 g.), alcohol (60 c.c.) and sodium hydroxide solu- 
tion (16°5 g. in 28 c.c. water) was heated at 100° for 12 hours. Alcohol 
and the excess of chloroform were driven off. The solution was made 
just acidic with hydrochloric acid when a brick-red powder separated 
which was washed first with ether to remove the unchanged hy- 
droxyquinoline and then with chloroform. The chloroform solution 
furnished the 7-aldehydo-8-hydroxyquinoline which crystallised from 
a mixture of chloroform and alcohol in reddish microcrystalline 
powder melting above 250°, yield 3g. It is insoluble in water, 
alcohol, acetone, carbon tetrachloride and benzene ; easily soluble in 
chloroform, pyridine, quinoline, and acetic acid ; it gives a greenish 
yellow coloration with ferric chloride. (Found: N, 8°15, C;y>H;0,N 
requires N, 8°09 per cent.). 
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5-Aldehydo-8-hydroxyquinoline.—The residue left after removal 
of the ortho-compound with chloroform crystallised from boiling 
quinoline as brownish powder, melting above 250°, yield 5°5 g. It is 
insoluble in water, ether, chloroform, carbon tetrachloride, acetone, 
benzene and alcohol ; soluble with difficulty in nitrobenzene and qui- 
noline ; easily soluble in acetic acid and pyridine ; gives no coloration 
with ferric chloride. (Found: N, 8°22. C;,H,;O,N requires N, 8:09 
per cent.). 

1-Aldehydo-2-hydroryanthraquinone.—A solution of 2-hydroxy- 
anthraquinone (10 g.) and chloroform (10 c.c.) in aleohol (60c.c.) was 
added to caustic soda solution (10 g. in 16 c.c. water) and heated on the 
water-bath for 30 hours. The olive-brown mass, separating on acidi- 
fication, was washed with hot water and dried ; the unchanged 2- 
hydroxyanthraquinone was removed with boiling nitrobenzene ; the 
aldehyde was washed with petroleum ether. It can be crystallised 
from a very large excess of boiling nitrobenzene as yellowish powder 
melting above 300°, yield 1°8 g. It is insoluble in all ordinary organic 
solvents; soluble with difficulty in boiling carbon disulphide and boil- 
ing nitrobenzene ; easily soluble in pyridine. (Found: C, 71 23 ; H, 
3°17. C},;H,O, requires C, 71°42; H, 3°17 per cent.). 

Thiosalicylic acid.—A solution of carbon tetrachloride (11 c.c,) 
in alcohol (30 c.c.) was added to a mixture of _ thio- 
phenol (14 g.) and sodium hydroxide solution (23 g. in 33 c.c. water) 
and the mixture heated for 30 hours on the water-bath. On acidifica- 
tion, a little pale yellow mass separated out ; the unchanged thio- 
phenol was distilled off with steam ; the solid residue filtered, washed 
with water and crystallised from alcohol, m.p. 163°, yield O°5g. It 
was found identical with the compound prepared from o-chloro- 
benzoate and potassium hydrosulphide (D.R.P. 189200). (Found: 
$, 20°92. C;H,0.S requires 8, 20°77 per cent.). 


CHemicaL Laporatory, 
PRESIDENCY COLLEGE, Received July 17, 1931. 
CaLcuTTa, 



























Condensation of Benzotrichloride with Phenols. 
By Rasenpra Nata Sen anp Susit Kumar Ray. 


Benzoylphenol or oxybenzophenone was previously obtained by 
Doebner and Stockmann (Ber., 1877, 10, 1969) together with 
phenylbenzoate and benzyolphenol-benzoate by the action of 
benzotrichloride on a mixture of phenol and zinc oxide. 

Heiber (Ber., 1891, 24, 3677) obtained in a very poor yield 
(about 1 p. c.) o-hydroxybenzophenone by heating a mixture of phenol, 
benzotrichloride and caustic soda. It has now been found that an 
alcoholic solution of benzotrichloride (3:1) reacts more satisfactorily 
with an alkaline solution of phenol at the temperature of the boiling 
water-bath yielding about 5 p.c. ortho-hydroxybenzophenone. The 
nitrophenols appear not to react with benzotrichloride, The naphthols, 
however, react more readily with benzotrichloride. With o-naphthol 
two products are obtained, one soluble in alkali (yield 4 p.c.), reacts 
with phenylhydrazine and semicarbazide, while the other (yield 16 
p. c.) is insoluble in alkali and does not react with phenylhydrazine 
and semicarhazide. The 8-naphthol compound (yield 20 p.c.) also 
is insoluble in alkali and behaves similarly. 

It is concluded that the compound soluble in alkali is the 
p-hydroxynaphthylphenylketone, while the alkali insoluble products 
are the o-compounds undergoing tautomerisation in the following 


manner, 
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which explains the insolubility of the compounds in alkali, and also 
their inactivity towards phenylhydrazine and semicarbazide, probably 
due to the steric hindrance as suggested by Kehrmann (Ber., 1888, 
21, 3315 ; 1890, 23, 3557). 

It is interesting to note that o-coumaric acid reacts readily with 
benzotrichloride, forming the corresponding ketone, p-coumary]- 
phenylketone (yield 30 p. c.). The compound is presumably the 
p-derivative, as the o-substitution product is not ordinarily formed 
in the case of o-coumaric acid. 


EXPERIMENTAL. 


o-Hydrorybenzophenone.—A mixture of phenol (30 g.) and 
benzotrichloride (4 g.) dissolved in alcohol (140 c. c.) was added drop 
by drop to a solution of caustic soda (55 g. in 90 c. c. water) with 
constant stirring. The mixture was heated on the boiling water- 
bath for 8 hours. On acidification a reddish-brown semi-solid mass 
separated out, which was washed several times with hot water. The 
dried mass was next washed with petroleum ether to remove the 
excess of benzotrichloride. It was then dissolved in caustic soda. 
The alkaline solution cooled to 0° and was then neutralised with 
acetic acid. The yellowish mass was filtered and the process 
repeated several times, until a pale yellow solid was obtained. It 
was finally crystallised from dilute alcohol as pale yellow needles, 
m., p. 41°, yield 3 g. It was found identical with the compound pre- 
pared by Heiber (loc. cit.) in an yield of 3°5g. from 144 g. of 
phenol. 

The oxime, obtained by the usual method, crystallised in needles, 
m. p. 132-33°. It was found identical with the oxime (m. p. 133°) 
prepared by Heiber (loc. cit). 

o-& p-Hydroxynaphthylphenylketones.—A solution of a-naphthol 
(10 g.), benzotrichloride (17 g.) and alcohol (40 c. c.) was added to 
a solution of caustic soda (15 g. in 30 c. c. water) as in the prece- 
ding compound. But the temperature was kept between 50-60°. 
The product, separating on acidification, was washed with water 
and then with petroleum ether. It was then treated with ammonia 
to remove the p-compound. The o-compound was crystallised from 
boiling chloroform in brownish microcrystalline powder, m. p. 114°, 
yield 8g. It is insoluble in water, ether, petroleum ether and 
ammonia ; sparingly soluble in alcohol, chloroform, benzene 
and boiling caustic soda ; easily soluble in acetone, It gives no 
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coloration with ferric chloride. (Found: C, 82°40; H, 5°21. 
C,7H120¢ requires C, 82°25 ; H, 4°83 per cent.). 

The ammoniacal solution containing the p-compound when 
acidified with acetic acid, yielded a brick-red powder which was 
crystallised from very dilute alcohol, m. p. 162-64°, yield 1 g. 
It is easily soluble in alcohol, ether, chloroform and acetone ; 
insoluble in water, benzene and petroleum ether. It gives a greenish 
orange coloration with ferric chloride. It was found identical 
with the componnd (m. p. 164-65°) prepared from 1-hydroxy- 
naphthy! 2-carboxylic acid and benzotrichloride without any alkali 
(D. R. P., 378908, 378909 ; Swiss Pat., 98559). (Found: C, 82°1 ; 
H, 4°64. C,;H, 90,9 requires C, 82°25 ; H, 4°83 per cent.). 

2-Hydrozy-a-naphthylphenylketone.—The reaction was carried 
out with 8-naphthol, benzotrichloride, alcohol and alkali as in the 
first compound The product, separating on acidification was washed 
with alkali and finally with water. It was crystallised from a 
mixture of alcohol and chloroform as a brick-red microcrystalline 
powder, m. p. 174°, yield 5 g. It is insoluble in water, cold alkali, 
alcohol and petroleum ether ; soluble with difficulty in ether and 
boiling caustic soda ; easily soluble in chloroform, acetone and 
benzene ; does not give any coloration with ferric chloride. It was 
found identical with the compound prepared from #-naphthol 
and benzotrichloride without any alkali (D. R. P., 378908, 378909 ; 
Swiss Pat., 98559). (Found: C, 82°51 ; H, 5°31. C;7H, 90, requires 
C, 82°25 ; H, 4°83 per cent.). 

o-Coumarylphenylketone.—A solution of o-coumaric acid (15 g.), 
benzotrichloride (20 g.) and alcohol (100c. c.) was added to a 
solution of caustic soda (25g. in 41 c. c. water) as in the first 
compound. The heating and stirring were continued for 12 hours. 
On acidification, a black tarry liquid separated out which was washed 
with petroleum ether to remove the excess of benzotrichloride, 
The product was dissolved in alkali and reprecipitated with acetic 
acid. The process was repeated for several times, until a brownish 
solid was obtained, which was next boiled with water to remove the 
unchanged o-coumaric acid. The mixture was filtered hot and the 
residue crystallised from dilute alcohol in yellowish microcrystalline 
powder, m. p. 188°, yield 7°2g. It is insoluble in water, chloroform 
and petroleum ether ; moderately soluble in alcohol and easily 
soluble in ether. (Found: C, 71°78 ; H, 4°57. C,ygH 90,4 requires 


C, 71°64 ; H, 4°47 per cent.). 
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Silver salt was prepared in the usual way from ammonium salt 
as yellow powder. (Found: Ag, 28°77. C,,H,,O,4 Ag requires Ag, 
28°80 per cent. ). 

The phenylhydrazone, prepared in the usual way, crystallised 
from alcohol as reddish tiny needles, m. p. 120° (decomp.). (Found : 
N,7°7. CggH, 30;Ng requires N, 7°8 per cent.). 


CHEMICAL LABORATORy, 
Presipency CoLLgcE, Received October 1, 1931. 
CALCUTTA. 


























Mercuration of Compounds containing the Reactive 
Methylene (-CH2-) group by means of 
Mercuric Acetate. 


By K. G. Naik anp R..P. PATE. 


The mercuration of the substituted amides of acetoacetic acid and 
malonic acid was undertaken with a view to study the formation and 
the properties of the organo-mercury derivatives of compounds con- 
taining a reactive methylene group, and throw light, if possible, on 
the reactivity of the hydrogen atoms of a reactive methylene (-CH,-) 
group, situated between two carbonyl! groups. 

With this end in view, mercuric acetate was allowed to react in 
methyl alcohol with the following substances : 

(1) Acetoacetanilide, (2) acetoacet-o-toluidide, (8) acetoacet- 
m-toluidide, (4) acetoacet-p-toluidide, (5) acetoacet-a-naphthy!l- 
amide, (6)  acetoacet-8-naphthylamide, (7) acetoacet-1:3:4- 
xylidide, (8) acetoacet-1:4:5-xylidide, (9) ethyl acetoacetate, (10) 
acetoacet-m-nitranilide, (11) ethyl malonate, (12) malonmono- 
phenylamide, (13) malonmono-o-toluidide, (14) malonmono-m- 
toluidide, (15) malonmono-p-toluidide, (16) malonmono-a-naph- 
thylamide, (17) malonmono-8-naphthylamide, (18) malonmono- 
1:3:4-xylidide, (19) malonmono-1 : 4 :5-xylidide and (20) malonamide. 

Of these (18) and (19) were prepared for the first time by the 
modification of Whiteley’s method (J. Chem. Soc., 1903, 83, 24). 

It has been found that when mercuric acetate reacts with aroma- 
tic compounds, it introduces very easily the acetoxymercury (CH,- 
COOHg—)group in the nucleus. It was, therefore, expected that in 
these reactions also, it would not only attack the methylene group, 
but also attack the aromatic part of these amides. Contrary to our 
expectations, it was found that mercuric acetate attacked the methby- 
lene group only, leaving the aromatic nucleus unaffected, even when 
mercuric acetate was employed in excess. 

Whereas, the amides (1—11) reacted with mercuric acetate in 
methyl alcohol giving diacetoxymercury derivatives oft he formula 
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(I); the amides (12—20) reacted under similar conditions, giving 
compounds of the general constitution (II). 


CH,COOHg cocH, CHsCOOHg CONH, 
; Cc 

CH, "COOHg CONHR HOHg CONHR 
(I) (II) 


(where R a is H, Phenyl tolyl, or naphthyl etc. group). 

All the above compounds are decomposed by dilute 0°25N-hydro- 
chloric acid with the separation of the original amide. Hydrogen 
sulphide and ammonium sulphide decompose them with the perci- 
pitation of black mercuric sulphide. Potassium iodide decomposes 
the compounds with the liberation of alkali hydroxide. From these 
reactions, it appears that the linkage between the carbon atom of the 
reactive methylene group and mercury is a very weak one as is 
expected from compounds containing mercury attached to a carbon 
atom in a-position to a carbonyl group. 

The general constitutions given to the above mercury compounds 
have been assigned from the following considerations. 

(i) That the substituted group containing mercury has not 
replaced the hydrogen atom attached to a nitrogen atom of the -NHR 
group (i. ¢., it does not contain the N—Hg linkage), because, 
(a) malonic ester and acetoacetic ester which do not contain such 
a nitrogen atom do form similar compounds with mercuric acetate; 
(b) a compound containing N—Hg linkage behaves as a weak 
base, so much so, that its solution may be easily titrated against 
standard acid, using methyl orange asthe indicator (cf. Ley and 
Kissel, Ber., 1899, 32, 1357). 

(ii) That the substituted grouping containing mercury has not 
replaced the aliphatic part of the molecule, for, (a) malonamide 
which does not contain such an aliphatic group, forms a similar 
mercury compound; (b) mercury compounds of aliphatic amines 
are not easily decomposed by dilute hydrochloric acid, potassium 
iodide, and hydrogen sulphide; whereas the compounds described here 
are easily decomposed by these reagents giving the original amide. 

(iii) That the substituted grouping containing mercury has not 
replaced the hydrogen atom of the nucleus, because, (2) malonamide, 
ethyl malonate and ethyl acetoacetate which do not contain such 
a nucleus, do form similar compounds; (b) from literature on mercury 
compounds, it appears that the mercury atom in the nucleus is not 
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removed by dilute hydrochloric acid, potassium iodide and hydrogen 
sulphide (cf. Schrauth and Bauerschmidt, Ber., 1914, 47, 2740), 
while the mercury in these compounds is easily removed. 

(.) That the substituted grouping containing mercury is directly 
attached to the carbon atom of the methylene group, situated 
between two carbonyl groups, for, (a) the properties and the 
behaviour of compounds described here, are exactly similar to 
those having mercury attached to a carbon atom in a-position to 
a carbonyl group. It has been observed in case of mercurated 5- 
pyrazolone (which contains four acetoxymercury groups) that the 
mercury in position-4 (i.e., attached to a carbon atom in a-position 
to a carbonyl group in position-5) is easily removed by dilute bydro- 
chloric acid and hydrogen sulphide, the other three acetoxymereury 
groups, keeping firmly to their positions in the molecule (Schrauth 
and Bauerschmidt,loc. cit.), (b) On bromination of acetoxyhydro- 
xymercurimalonamide, dibromomalonamide is obtained. 

Mercury compounds of the type (I) react with 10 p.c. sulphuric 
acid giving compounds of the following constitution : 


Hg _ COCH, 
80,€ »o ¢ 
He CONHR 


They also react with an aqueous solution of potassium iodide with 
the separation of the original amide and the liberation of potassium 
hydroxide. The potassium hydroxide, liberated was found to be 
2°013 equivalents, which according to theory should be 2 equivalents. 
These facts completely prove the constitution agsigned to the com- 
pounds of the type (1). 

Mercury compounds of the type (II), react with standard sodium 
hydroxide solution, giving a dihydroxymercury derivative. The 
quantity of sodium hydroxide required to completely hydrolyse the 
acetoxymercury (-CH,;COOHg-) group was found to be 1°12 equiva- 
lents which according to theory should be 1 equivalent. The 
constitution is further supported by the behaviour of the compounds 
with sulphuric acid. They give rise to hydroxysulphatomercury 
derivatives of the following constitution. 





NH,CO Hg——so, Hg  CONH, 
c¢ C 
RNHCO’ ~“HgOH HOHg ‘CONHR 
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When hydroxyacetoxymercuri-o-toluidide is, however, made to 
react with an aqueous solution of potassium iodide, 2°97 equivalents 
of potassium hydroxide are liberated, which according to the theory 
should be 3 equivalents. This lends a further strong support to the 
correctness of the constitution assigned. 


EXPERIMENTAL. 


Diacetoxymercuriacetoacetanilide.—Mercuric acetate (3°6 g.) 
dissolved in methyl alcohol, was added to a methyl alcohol solution 
of acetoacetanilide (1 g.j}. The solution though clear at first became 
turbid on heating ona sand-bath for about 10 minutes. On cool- 
ing, a snow white crystalline product separated out. It was filtered 
and washed with water, alcohol and ether to remove the unreacted 
constituents. The product was insoluble in most of the ordinary 
organic solvents. It melts with decomposition at 204°. (Found: 
N, 2°23; Hg, 57°26. C,,H,,0,NHg, requires N, 2°02; Hg, 57°72 
per cent.). 

The rest of the mercury derivatives have been similarly prepared 
by the interaction of mercuric acetate with the respective amides 
in methyl alcohol. The results are given in Table I. 

Action of dilute hydrochloric acid.—The above mercury compound 
decomposed by hot 0°25N-hydrochloric acid with the separation of 
the original amide and mercuric chloride. 

Action of potassium iodide.—The above compound (0°2627 g.) 
suspended in water, was treated with a solution of potassium iod- 
ide (1g.). Potassium hydroxide was at once liberated and titrated 
against 0°0574N-hydrochloric acid (of which 13°83 c.c. were required). 
It was subsequently heated for about 1 hour, but no further libera- 
tion of potassium hydroxide was observed. 

Action of hydrogen sulphide.—The above mercury compound 
(0°491 g.) was suspended in water and heated to boiling. 
A slow current of hydrogen sulphide gas was passed into the solu- 
tion till the complete precipitation of mercuric sul- 
phide. Precipitates were then filtered through a Gooch crucible and 
washed with water, pyridine, carbon disulphide and alcohol to 
remove the amide formed during the course of the reaction as well 
as the sulphur which might have precipitated together with mercuric 
sulphide. It was then dried at 105-10°, and weighed (0°33 g.). 
(Found: Hg, 57°9. C,,H,,0,NHgpe requires Hg, 57°72 per cent.). 
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This indicated that the splitting up of the carbon—mercury link- 
age by hydrogen sulphide was quantitative. 

Action of phenylhydrazine.—The substance decomposed on 
treatment with phenylhydrazine with the separation of grey metallic 


mercury. 

Sulphatomercuriacetoacctanilide.—The above mercury compound 
(2 g.) was heated with 10 p. c. sulphuric acid on sand-bath for about 
4 hour. It was then cooled, filtered and washed with water, 
alcohol and ether. The product was insoluble in most of the 
ordinary organic solvents. It turned brown at 240° but did not 
melt till 300°. (Found: Hg, 59°20 ; SO,, 14°55. C,,)H,O,NSHg, 
requires Hg, 59°61 ; SO,, 14°3 per cent.). 

Compounds similar tothe above have been prepared by the ac- 
tion of sulphuric acid on compounds 1,2,3,9,12, and 20 of Table I. 

The results are given in Table II. Compounds are numbered 
as la, 2a, 3a, 9a, 12a, and 20a. 

Action of potassium iodide on diacetoxymercuriacetoacet-o-tolui- 
dide.—Diacetoxymercuriacetoacet-o-toluidide (1 g.) was treated with 
potassium iodide in water and heated to boiling. The liberated 
alkali was neutralised and the solution concentrated and cooled when 
crystalline needles of acetoacet-o-toluidide separated, m.p. 107°. 

Action of dilute sodium hydroxide on acetoryhydroxymercuri- 
malonmonophenylamide.—The mercury compound (0°5038 g.) was 
treated with 50 c.c. of 0°018N-sodium hydroxide solution and 
refluxed for 4 hour. It was cooled, filtered and washed with water. 
The filtrate was then acidified with 10c.c. of 0°1N-oxalic acid 
to neutralise the unreacted sodium hydroxide. The excess of 
oxalic acid was titrated against 0°018 N-sodium hydroxide 
(55 c.c.). 

The insoluble product was found to be dihydroxymercurimalon- 
monophenylamide, (Found: Hg, 65°1. C,H, ,0,NoHge requires 
Hg, 65°57 per cent. ). 

Action of potassium iodide on Acetoryhydoxymercurimalonmono-o- 
toluidide. — Acetoxyhydroxymercurimalonmono-o-toluidide (0°2127 g.) 
was treated with potassium iodide (1 g.) in water and boiled for 4 
hours. The liberated alkali was neutralised by 0°0574 N-hydrochloric 
acid (16°5 c.c.). 

Malonmono-1 :3 :4-rylidide.—This was prepared by the modi- 
fication of Whiteley’s method (loc. cit.). Ethyl malonate (30 g.) 
and 1:3:4-xylidide (15 g.) were put in a flask, fitted with a cork 
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through which passed a long bent tube and heated in paraffin- 
bath, at 120-25°. To get the maximum yield, the tempera- 
ture was not allowed to go beyond 125°. After 8 hours, the 
contents of the flask were transferred to a glass-stoppered bottle and 
shaken for 4 hours with twice its volume of ammonia (d 0°88). 
The semi-solid mass was then allowed to evaporate and the residue 
was pressed on a filter and finally washed with ether to remove any 
of the unreacted ester and amine. It was then boiled with dilute 
alcohol (1:6) and filtered hot. The dixylidide and xylylamate re- 
mained on the filter undissolved. The filtrate on cooling separated 
malonmono-1 :3:4-xylidide. The product when crystallised from 
the same solvent melts at 166°. 

It is very soluble in methyl alcohol, ethy! alcohol, acetic acid, 
hot water, and sparingly soluble in cold water, hot benzene, but 
practically insoluble in petroleum. (Found: N, 13°57. C,,H,40gNo 
requires N, 13°59 per cent.). 

Malonmono-1 :4 :5-aylidide.—1:4:5-Xylidine (15 g.) and ethyl 
malonate (30 g.) were heated similarly for 8 hours at 120-25° as 
usual and subsequently treated as the preceding compound, It 
was crystallised from dilute alcohol (1:6), m.p.197°, Solubility is 
similar to that of the preceding compound. (Found: N, 13°57. 
C,,H,4O,Nerequires N, 13°59 per cent.). 

Action of bromine on acetoryhydroxymercurimalonamide,—The 
mercury compound of malonamide was treated with an aqueous 
solution of bromine till no more bromine was absorbed, It was then 
heated to boiling when all the compound went in solution. The 
solution on cooling deposited a crystalline product which when fil- 
tered and washed with alcohol, melts at 203°. This was identi- 
tical with the dibromomalonamide obtained by Freund (Ber., 1884, 


17, 782). 
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Influence of Temperature on the Setting 
of Inorganic Jellies. 


By Satya Prikas, 


In previous publications from this laboratory (J. Indian Chem. 
Soc., 1929, 6, 391, 587; ibid, 1930, 7, 367, 417, 591; Z. anorg. Chem., 
1931, 201, 301,) we have investigated the preparation and properties 
of a number of inorganic jellies. We have also studied (J. Phys. 
Chem. 1930, 34, 954) the influence of temperature on the coagulation 
of various sols and have shown that such sols as hydrous oxides of 
iron, chromium, tin and aluminium become comparatively unstable 
when the temperature is raised, whilst easily hydrolysable sols such 
as prussian blue, gamboge and mastic are stabilised at higher 
temperatures. 

In this communication, we are recording our observations on 
the influence of temperature on the setting of various jellies. The 
jelly-forming mixtures were prepared at ordinary temperatures and 
divided into three portions, and they were allowed to set in 
thermostats maintained at three different temperatures. The time 
of setting of the jellies was noted in every case. The setting point of 
a jelly was sharp enough to take readings with an accuracy of 10 
seconds. 

The jellies were prepared by methods described in foregoing 
papers. Where the jellies were obtained by coagulation, the sols 
were dialysed for such periods as were necessary to produce jellies of 
the best texture. So long as the sols were comparatively impure, 
either no jelles were formed or they gave loose opaque coagulum. 
In no case the sols could be completely freed from electrolytic im- 
purities, as there was an apprehension of the spontaneous setting of 
sols to jellies by dialysis alone. 


EXPERIMENTAL. 
Zirconium Hydrozide Jelly. 


The jelly was prepared by the addition of various quantities 
of 3°84N-sodium acetate to 3 c.c. of 10% zirconium nitrate 








194 j S. PRAKASH 


solution, and the volume was made up to5c.c. in every case. 
The mixtures were allowed to set at 30°, 50° and 70°. The results 
are recorded in the following table. 


Taste I, 


Time of setting. 


03°48N-sodium 80° 50° 70° 
acetate 
Ol c. c. No jelly No jelly No jelly. 
02 Do Do Do 
0°3 Do Do Do 
04 3 hrs. 6 mins. 35 sec. 
0°5 2 mins. 30 secs, Immediately. 


The results recorded in this table show that below a certain 
minimum concentration of sodium acetate, no jelly is formed even 
at higher temperatures. The time of setting of the jelly is markedly 
decreased at higher temperatures. 


Zirconium Borate Jelly. 


The jelly was prepared by dialysing for four days the sol obtained 
by mixing saturated borax solution with 10% zirconium nitrate 


solution and coagulating the sol by different amounts of N/5 


potassium sulphate. 
Concentration of the sol=24°72 g. zirconium borate per litre. 


Amount of sol taken=3 c. c. Total volume=5 ce. c. 


TaBLe II. 


Time of setting. 


N/5-K S804. 30° 50° 70° 
04. € 2 brs. 30 mins. 15 mins. 
0°65 16 min. 12 5 

0°6 13 11 1 

0°7 No jelly but ppt. 4 30 sec. 
0'8 No jelly but ppt. No jelly but ppt. 20 sec. 


the jelly soon 
sy nerises. 
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Zirconium Molybdate Jelly. 


The sol of zirconium molybdate was prepared by mixing 3% 
potassium molybdate solution with 10% zirconium nitrate solution 
. and dialysing the mixture for 5 days. Concentration of the sol 
was 14.48 g. zirconium molybdate per litre. The jellies were 
prepared by coagulating the sol with different amounts of N/50 
potassium sulphate. 


Amount of sol taken=10c. c. Total volume =12 ec. c. 


. TaB_e III. 
Time of setting. 
_ N/50-K80,. 30° 50° 70° 
1.2c. ¢. No jelly 2 hrs. 30'min. 10 min. 
13 5 hrs. lhr. 20 min. 6 
14 3 brs. 15 min. 1 br. 5 
15 1 hr. 25 min. 29 min 4 
. 16 45 win. 22 min 2 
= 
Thorium Arsenate Jelly. 
This jelly was obtained by mixing different concentrations of 
2 18% potassium arsenate solution with 10¢.c, of thorium nitrate 
(12.06 g. of the salt per litre), the solution being made up to 12 c.c. 
in every case. 
7 Tasie IV. 
> ' 
Time of setting. 
18% KH280,. 30° 40° 45° 
° 07 cc. 1 day No jelly No jelly 
08 2 hrs. Do Do 
09 25 min. Loose jelly in Do 
23 hrs. 
10 18 35 min. 2 hrs. 
a | V1 5 26 min. 90 min. 


When the temperature was raised 


above 50°, the thorium 


arsenate mixture did not yield any jelly, not even when kept for 
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five hours. However, if the jelly-forming mixtures be again brought 
to 30°, they set to jellies. 


Thorium Phosphate Jelly. 


The jellies of thorium phosphate were prepared by adding varying 
amounts of 11% potassium phosphate solution to 10 c. c. of thorium 


nitrate solution (12.06 g. per litre). 


to 12 c. c. in every case. 


11% KH2PO\. 


O8ce 


09 
1°0 
11 
1°2 


TABLE V. 


Time of setting. 


20° 40° 

No jelly No jelly 
120 min. 66 min. 
48 2t 
16 10 

2 2 


Thorium Molybdate Jelly. 


The total volume was made up 


45° 
No jelly 
58 min. 


20 


These jellies were prepared by adding varying amounts of 4.5% 
potassium molybdate to 10 c. c. of thorium nitrate solution contain- 
ing 12.06 g. of the salt per 250 c. c. 


Total volume=12 ¢. c. 


4°6% KgMo0,. 


09 c,¢ 
1°0 
11 
1°2 
1°3 


> 60 
> 60 
33 
30 
28 


Taste VI. 
Time of setting. 

30° 50° 

mip. 30 min. 
25 
20 
18 
15 


Chromium Arsenate Jelly. 


70° 

22 min. 
16 

ll 

10 


The sol was prepared by dialysing the mixture of 100c. c. of 
M/2-chromic chloride and 


80 c. c. of 18% potassium arsenate 
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solution for 6 days. It set to jellies when coagulated with N/5 
potassium sulphate. 
Taste VII. 


Concentration of the sol=36.4 g. per litre. 
Amount of sol taken=10c. c. Total volume=15 c. ec. 


Time of setting. 


N/5-K 80, 30° 50° 70° 
22e.c 54 min. 10 min. 1 min, 
2°3 36 4 1 
2Q°4 22 3 50 see, 
2°65 15 2 30 sec. 
2°6 Ppt. Ppt. Ppt. 


Vanadium Pentozide Jelly. 


Vanadic acid was precipitated by adding concentrated hydrochloric 
acid to ammonium vanadate. The precipitate on careful washing 
passed into a clear red sol, which set to jellies when coagulated with 
potassium chloride. Concentration of the sol was 1.92 g. vanadum 
pentoxide per litre. 

Amount of sol taken=5 c. c. Total volume=12 c.c, 


Tabie VIII. 


Time of setting, 


N/20-KC1. 30° 50° 70° 

1°0 c.c 3 bre. 20 min, No jelly in 3 hrs, No jelly in 3 brs. 
12 38 min. No jelly in 3 brs —_No jelly 

13 20 100 min. Do 

14 13 45 Do 

V5 4 30 150 min. 


Mercuri-sulphosalicylic Acid Jelly. 


Mercuri-sulphosalicylic acid was prepared by dissolving 1.5 mols 
of mercuric oxide in 1 mol. of sulphosalicylic acid and drying the 
mixture on a water-bath. One gram of the powder thus obtained 


4 
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was dissolved in 100 c. c. of water. Aclear sol with slight opales- 
cence was obtained which set to jellies on addition of N-K,80,. 

8 c. c, of 1% mercuri-sulphosalicylic acid were taken every time 
and the total volume was made up to 10 c. c, 


Taste IX. 
Time of setting. 
N-K,S80,. 80° 40° 60° 
0"4 No jelly No jelly No jelly 
0°56 18 min. Do Do 
0% 10 30 min. Do 
0°7 7 15 Do 
10 1 2 Loose jelly in 
8 min. 


Zinc Arsenate Jelly. 


Zinc arsenate jellies were prepared by taking 5c. c. of zinc sul- 
phate solution (14.368 g. in 250 c. c.) and adding an equal quantity 
of water to it and then mixing it with different amounts of 18% 
potassium arsenate solution. The the total volume was made 
up to 20 c, c. in every case. 


TABLE X. 


Time of setting. 


18% KH; A80,. 30° 50° 70° 
0*16 "Did not set Loose jelly in 60 sec. Ppt. 
0°18 - 90 sec. 30 sec. 
0°20 i 60 5 
0°30 5 sec. 5 5 


Stannic Arsenate Jelly. 


To 2or3c.c. of M/1°099-stannic chloride solution were added 
the varying concentrations of 18% potassium arsenate solution and 
the total volume was made up to 6 c.c. in every case. A set of the 
mixture was allowed to set at 20° while the other set was warmed 
for 5 minutes at 90° and then transferred to ordinary room tempera- 
ture (20°), The time of gelation was noted in every case, 
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Tase XI. 

M/1°099-Stannic 18% Potassium Time of setting 
chloride. arsenate. 20° 90° (warming) 
3°0 cc. le.c. 23 hrs. 10 hrs. 
3°0 2 90 min. 6 min. 

30 3 25 min. 3 
20 0°5 24 hrs. 5 


The marked temperature influence observed in the case of this 
substance is probabiy due to the fact that warming for a few minutes 
at a higher temperature causes the hydrolysis of stannic arsenate to 
stannic oxide. The oxide is also known to yield fine jellies which 
under the circumstances may set more rapidly than the arsenate 
jelly. 


Stannic Phosphate Jelly. 


3 C.c. ofM/1°099-stannic chloride solution were mixedwith varying 
amounts of 22 per cent. potassium phosphate solution and the total 
volume was made up to6c.c. in every case. One set of the mix- 
ture was allowed to set at 20° while the other at 90°. 


Tasie XII. 
Time of setting. 
22% KHPQ,. 20° 90° 
0°5 c.c. 22 brs. 5 min. 
1°0 2 hrs. 8 
15 30 min. 2 
2°0 18 1 


Stannic Tungstate Jelly. 


1°5 or 2 c.c. of 153M stannic chloride solution were mixed with 
different concentrations of 15% sodium tungstate solution. The 
total volume was made up to 6c.c. in every case. The mixtures 
were shaken for five minutes and then transferred to baths at 20° 
and 93° and the time of gelation was observed. 











200 S. PRAKASH 


TaBie XIII. 


1°53M-Stannic 15% Sodium Time of setting 
chloride. tungstate. 20° 93° 
2 cc. 20 ce. No jelly No jelly 
2 2°5 No jelly 20 min. 
2 3°0 5 days 8 
2 3°5 2 days 6 
15 2°0 >6 hrs. 8 


Stannic Molybdate Jelly. 


A mixture of stannic chloride in excess and potassium molybdate 
was dialysed for 24 hours. Concentration of the sol was 91°04 g. 
SnOg per litre. This sol when half diluted gave jellies at different 
temperatures as follows: 


TABLE XIV. 
Temp. _ = 90° 70° 60° 50° 40° 24° 
Time of gelation oo 1 2 4 7 20 366. 
in min. 
Discussion. 


The results recorded in the foregoing tables show that in the case 
of zirconium hydroxide, zirconium molybdate, zirconium borate, 
thorium molybdate, thorium phosphate, chromium tungstate, stannic 
arsenate, phosphate, tungstate and molybdate, the time of setting 
markedly decreases as the temperature is raised. 

The jellies of thorium arsenate, vanadium pentoxide and mercuri- 
sulphosalicylic acid take a longer time to set at higher temperatures, 
and above a certain temperature, they do not set at all. 

No systematic work appears to have been done before on the 
influence of temperature on the formation of jellies. Fleming (Z. 
Phys. Chem., 1902, 441, 427) and Holmes (J. Phys. Chem,, 1918, 22, 
516) observed that a slight increase in temperature accelerates the 
time of setting of silicic acid jelly, while Fells and Firth (ibid, 1925, 
29, 248) did not observe any distinct variation with temperature 
over the range from 0° to 45°. Conflicting results are also found 
in the case of manganous arsenate jellies (cf. Deiss, Kolloid. Z., 1914, 
14, 189; and Kraemer, Colloid Symp. Monograph, Wisconsin, 1923, 1, 
66). We have observed that if the manganous chloride and potassium 
arsenate mixture is warmed at 60° to 80°, it will form manganous 
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arsenate jelly more conveniently than if the mixture is allowed to 
remain at ordinary temperature. 

Bunce (J. Phys. Chem., 1914, 18, 269) observed that a slight 
increase in the temperature accelerates the gelation of mercuric 
oxide jellies but heating for five minutes above 63° seems to prevent 
the formation of the jelly. Szegvari and Schalek (Kolloid Z., 1923, 
32, 318; ibid, 33, 326) observed in the case of iron oxide jelly that the 
setting time decreases with the rise in temperature. 

In the case of organic jellies, like gelatin, agar agar, soap, starch, 
pectin and others, the behaviour is quite different. The lowering of 
temperature always favours their gelation. These jellies also undergo 
a sort of melting when temperature is raised and the melted sol 
again assumes the jelly form when cooled, and thus, these jellies are 
heat reversible. Most of the inorganic jellies do not show this 
sort of reversibility. 

The change in temperature in case of jelly-forming mixtures 
causes the variation in the solubility of the dispersed phase, in the 
degree of hydrolysis, in the hydration of particles and in the rate of 
coagulation. The setting time appears to be a complicated function 
of all these factors. Organic substances, due to the marked tem- 
perature influence on the solubility, form both true and colloidal 
solutions, and at different temperatures an equilibrium exists between 
the molecules and colloidal aggregates. As the temperature is 
lowered, due to the decrease in solubility, the colloidal phase begins 
to preponderate, which on developing surficial and structural hydra- 
tion under suitable conditions, sets to a jelly. 

With the exception of those inorganic sols which appear to under- 
go marked hydrolysis with rise in temperature, the rate of coagulation 
is markedly increased if the temperature is raised and with the rapid 
decrease in charge, the viscosity and hydration of particles also 
increase. Thus a jelly is obtained in a comparatively shorter time 
at higher temperatures. The sols undergoing hydrolysis at higher 
temperatures become stable towards coagulation and as such, the 
jelly takes more time to set. The agglomeration tendency of the 
particles also appears to be favoured at higher temperatures and 
consequently, the jellies obtained at higher temperatures are more 
opalescent. 

In the case of polybasic salts of heavy metals, like tin, zirconium, 
thorium and others, it is highly probable that as the temperature 
increases, they are hydrolysed and hydrous oxides are formed. In 
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case of such substances, the hydrous oxides also have a tendency of 
developing hydration, and some times greater than the correspond- 
ing polybasic salts. In such cases of mixed jellies, the time of set- 
ting would depend upon the hydration developed by different phases. 

The jelly of mercuri-sulphosalicylic acid resembles more or less the 
organic jellies, whose setting is favoured by the lowering of tempera- 
ture. It appears that the anomalous thorium arsenate and vanadium 
pentoxide jellies exhibit when freshly formed what is known as the 
‘ melting of jellies,’ a phenomenon so common in the case of 
organic jellies. It has been found that though a jelly-forming mix- 
ture of thorium arsenate remains liquified at 60°, the jelly of the 
same concentration prepared at ordinary temperature, but allowed to 
age for some hours does not undergo melting if the temperature is 
raised, A similar observation has been made in the case of vanadi- 
um pentoxide. This appears to be partly dus to the decrease in the 
hydration tendency and partly to the decrease in the surface 
energy on ageing. This effect is not so marked in the case of organ 
-ic jellies which are, consequently heat reversible. 


Summary. 


1. The influence of temperature on the setting of various inor- 
ganic jellies has been investigated. It has been observed that all 
the inorganic jellies with the exception of thorium arsenate, vanadium 
pentoxide and mercuri-sulphosalicylic acid, set more readily at high- 
er temperatures than at low. The jellies (these three exceptions) 
are not formed above 60°. 

2. In the case of such inorganic sols which do not undergo 
hydrolysis, the rise in temperature increases the rate of coagulation, 
and consequently, the hydration is more rapidly developed and the 
jellies are readily obtained. 

8. The jellies of polybasic salts are hydrolysed at higher tempe- 
ratures to the corresponding hydroxides which have also a tendency 
to form jellies, and hence the setting time would depend upon the 
tendency of mixed phases. 

4, The jellies of vanadium pentoxide and thorium arsenate show 
the ‘ melting phenomenon’ at higher temperatures. 

In conclusion, the author wishes to express his indebtedness to 
Prof. N. R. Dhar for his very kind interest and guidance in this work. 


CHEMICAL LABORATORIES, 
Untversity oF ALLAHABAD. Received January 19, 1932. 











A New Method of Estimating Arsenic in Organo-arsenic 
Derivatives. Part II. 


By Hirenpra Nata Das-Gupta, 


The present communication is a continuation of the work done by 
the author (J. Indian Chem. Soc., 1932, 9, 95), on the problem of 
estimating arsenic accurately and rapidly in organo-arsenic com- 
pounds. There was, however, the limitation that the compounds 
concerned should contain arsenic in the penta-valent state. The pre- 
sent paper deals with those derivatives in which the metalloid is in 
the tri-valent state. 

Organo-arsenic compounds containing tri-valent arsenic do not 
liberate iodine from potassium iodide in hydrochloric acid solution 
and hence the previous method (loc. cit.) could not be followed. A 
careful study of the properties of organo-arsenic derivatives, in which 
the element is present in the tri-valent state, clearly reveals the fact 
that most of the compounds are unstable and readily undergo oxida- 
tion either simply by atmospheric influence or when treated with 
simple oxidising agents and are thus converted into corresponding 
arsinic acids, Advantage was taken of this particular phenomenon, as 
the acid thus produced readily liberates an equivalent amount of 
iodine from potassium iodide in hydrochloric acid solution. Hydro- 
gen peroxide was used throughout the experiments as the common 
oxidising agent. In some cases simple treatment with hydrogen 
peroxide in the cold was sufficient to bring about the complete oxida- 
tion of the compound, whilst in others the peroxide mixture required 
to be heated for the attainment of the desired result. It was found 
rather difficult to destroy the excess of the peroxide left after the 
reaction, by heating either on water-bath or by direct flame and hence 
to obviate this difficulty, the hot solution, previous to its treatment 
with acid mixture, was treated with potassium iodide whereby the 
excess of the peroxide liberated the equivalent amount of iodine. The 
iodine thus liberated was subsequently treated with N/10-sodium 
thiosulphate solution till the last trace of iodine was removed. This 
treatment does not interfere with the subsequent steps as the metal- 
loid in the penta-valent state liberates iodine only in acid solution. 
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After the complete oxidation of the product the same procedure was 
followed as described in part I (loc. cit.). 

Compounds selected for analyses belong to different types contain- 
ing different groupings in the nucleus. The compounds of the arsa- 
zine series in which arsenic isin the ring e.g., phenarsazine chlo- 
ride (Burton and Gibson, J. Chem. Soc., 1926, pp. 451, 467, 469) ; 
phenarsazine acetate (Burton and Gibson, J. Chem. Soc., 1924, 126, 
2277) ; phenarsazine oxide (Burton and Gibson, J. Chem, Soc., 1926, 
p. 462) and phenarsazine methyl ether, have been analysed and 
found to give good results. The method is very simple and requires 
only a small quantity of the substance (10-20 mg.) for analysis. The 
method of arsenic estimation devised by Norton and Koch (J. Amer. 
Chem, Soc., 1905, 27, 1247) failed in the cases of quinoline com- 
pounds containing arsenic, but no such difficulty was encountered by 
adopting this method. 

The following table summarises the experimental results of the 


present investigation. 


EXPERIMENTAL. 
NagS203 Arsenic content 

Substance. Quantity taken. 1°002-N / 20. Found. Cale. 
Phenylarsenious 00140 g. 5 e.c. 33°55 33°6 p.c. 
chloride 0°0168 6 33°54 
Phenylersenious 0°0201 9°55 44°63 44°6 
oxide 0°0196 9°35 44°56 
Arsenobenzene 0°0213 11°20 49°29 49°38 

0°0154 8°10 49°30 

0°0213 11°20 49°29 

0°0254 13°35 49°30 
Neosalvarsan 0°0278 9°55 32°20 82°1 

0°0242 8°30 82°20 
10-Chloro-5 :10- 0°0171 4°90 26°91 27°02 
dihydrophenar- 0°0218 6°10 26°90 
sazine 
10 :10’-Oxy-5 :10- 0°0137 4°40 30°10 80°00 
dibydrophenar- 0'0145 4°65 30°10 
sazine 
Phenarsazine- 00158 4°60 27°35 27°47 
methy! ether. 0°0162 4°70 27°31 
10-Ch’or0-5- 0°0192 4°80 23°4 23°47 
acetyl-5 :10- 0 0224 5°60 . 23°4 
diby drophenar- 
sazine 


Procedure,—The finely powdered substance (10-20 mg.)was taken in 














ARSENIC IN ORGANO-ARSENIC DERIVATIVES 205 


a 300 c.c. conical flask and was covered with 10 c.c. of hydrogen pero- 
xide (12 vol.). The mixture was heated on a water-bath for 15 minutes 
in order to effect complete oxidation of the substance as seen by its 
gradual dissolution in excess of the peroxide with change in colora- 
tion. In case heating on water-bath did not bring about complete 
oxidation, the flask was heated over an asbestos board by a low flame 
after supporting a funnel on the mouth of the flask, The funnel was 
subsequently washed with distilled water and the washings allowed 
to run into the main bulk. The oxidised solution was next eooled to 
the room temperature and then treated with excess of potassium io- 
dide. The unreacted peroxide present at once liberated the equiva- 
lent amount of iodine with rise in temperature and the solution 
assumed a deep brown coloration. The iodine thus set free was 
gradually treated with N/10-sodium thiosulphate solution. Towards 
the end 2 c.c. of 1 per cent. solution of starch were added and the 
addition of thiosulphate solution continued till the blue coloration due 
to free iodine with starch faded away. Owing to the fact that solu- 
tion of certain organic derivatives are coloured brown, one is apt to 
be mislead by not being able to ascertain whether the existing 
brown colour is due to free iodine or due to the compound itself ; it 
is therefore advisable to add the starch solution at an earlier stage. 
(In case the tri-valent derivative under analysis contain a halogen 
linked to arsenic, the following additional treatment is necessary as 
the oxidation of such chloro compound gives the corresponding 
amount of hydrochloric acid. To the oxidised product 2 drops of 
methy! orange added and then treated drop by drop with N/10-sodium 
carbonate solution till the pink colour changed to yellow. After this 
the addition of potassium iodide was made as given above). The 
walls of the flask were then washed carefully with water and the 
solution cooled. To this glacial acetic acid (15 c.c.) and hydrochloric 
acid (d 1°19, 15 ¢.c.) were added. The solution immediately assum- 
ed a blue coloration due to the liberation of iodine from excess of 
potassium iodide by the metalloid in acid medium with rise 
in temperature. The solution was therefore, cooled at first and 2 g: 
more of potassium iodide were added and the liberated iodine was 
titrated against N/20-sodium thiosulphate. As before, the point at 
which the blue colour just disappears is not the true end point and 
the addition of the thiosulphate solution should be continued till 
there is no change in coloration. This is best ascertained by allowing 
a drop of the standard thiosulphate solution to fall on the solution 
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and observing whether there is any change in the region in which the 
drop is allowed to fall. From the amount of the sodium thiosulphate 
solution required the percentage of the arsenic is calculated from the 
following relation : 

1 C.c. of N/20-thiosulphate =0°0009375 g. of arsenic. 


Summary. 


Uptil now there is no satisfactory qualitative test for ascertaining 
the presence of arsenic in a new compound obtained by an attempt 
to introduce arsenic into the same. The method given may be used 
«8 & qualitative test for determining the presence of arsenic. 

Nitroarsinic acid derivatives on being reduced by the usual redu- 
cing agents might give either an aminoarsinic acid derivative or a 
nitroarseno derivative. In such doubtful cases the above test is 
very suitable as the liberation of iodine in acid solution takes place 
only with the penta-valent derivatives. 

Arsenic in quinoline compounds is best determined by this 
method. 

In conclusion the author takes the pleasure in expressing his 
grateful thanks to Dr. M. Goswami for his keen interest in the pre- 
sent investigation and for placing all the resources of his laboratory 
at his disposal and to the Director of Public Instruction, Bengal, for 
awarding him a Post-Graduate Research Scholarship which has 
enabled him to undertake the work. 


DEPARTMENT OF APPLIED CHEMISTRY, 
UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, Received April 18, 1932, 


CALCUTTA. 























Studies in Quinoline Compounds. Part VII. 


By UPgENDRANATH BRAHMACHARI AND JNANENDRA 
Moan Das-Guprta. 


In part VI of the series of papers (J. Indian Chem. Soc., 1982, 
9, 37) we described the preparation of 6-methoxy-8-aminoisopropy- 
laminoquinoline dihydrochloride which is structurally related to plas- 
moquine. It occurred to us that by ethylation we could enhance the 
similarity of this compound with plasmoquine and expected that 
they might possess some antimalarial properties. Other simpler 
aminoquinoline derivatives have also been synthesised with the same 
end in view. 

Attempts to prepare the alkylated products by condensing f-bro- 
mopropylalkylamines with aminoquinolines were unsuccessful. 


EXPERIMENTAL. 
6-Methozy-8-B-dicthylaminoisopropylaminoquinoline Dihydrochlo- 
ride 


H,'N(CoH;)9"HCl 


6-Methoxy-8-8-aminoisopropylaminoquinoline _—_ dihydrochloride 

(3°1 g.) (loc. cit.) was dissolved in water (15-20 c.c.) and treat- 
ed with anhydrous sodium carbonate (4 g.) when the corresponding 
base was precipitated as a viscous sticky mass. After the addition of a 
little more than the theoretical quantity of ethyl iodide the mixture was 
refluxed for 2} hours on a water-bath. The alkylated product floated 
asan oil and was extracted with ether. The ethereal solution was 
dried over anhydrous potassium carbonate and a dry current of 
hydrochloric acid gas passed through it when the dihydrochloride was 
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precipitated but soon coalesced. The precipitate was next dissolved 
in a little absolute alcohol from which it crystallised out as a soild 
yellow crystalline substance readily dissolving in water to a clear 
yellow solution, m.p. 175°. (Found: N, 11°75; Cl, 19°53. 
C,7H,g;ON3Clg requires N, 11°66, Cl, 19°72 per cent.). 

6- Methoxy-8-B-dimethylaminoisopropylaminoquinoline  dihydro- 
chloride. —6-Methoxy-8-8-aminoisopropylaminoquinoline dihydrochlo- 
ride (4°5 g.) dissolved in water (12 c.c.) was refluxed on a water-bath 
with NCO; (6 g.) and CH,I (5°2 g.) for 2-3 hours. The dihydrochlo- 
ride was prepared as before. It is a yellowish brown crystalline com- 
pound easily dissolving in water, m.p. 180°. (Found: N, 12°70; Cl, 
21°33. C};Hg3ON,Cly requires N, 12°65; Cl, 21°38 per cent.). 

8-8-Dimethylaminoisopropylaminoquinoline dihydrochloride was 
prepared from 8-8-aminoiosopropylaminoquinoline dihydrochloride 
(loc. cit.). Itis a yellowlsh brown powder, m.p. 200-205°. (Found: 
N, 14°04; Cl, 23°40. C,,H,,N3Cl, requires N, 13°90; Cl, 23°51 
per cent.). 

6-Methyl-8-8-dimethylaminoisopropylaminoquinoline dihydrochlo- 
ride was also prepared from 6-methy]-8-aminoisopropylaminoquino- 
line hydrochloride, m.p. 210°. (Found: N, 13°22; Cl, 22°32. 
Cis He3N3Cly requires N, 13°29 ; Cl, 22°46 per cent.). 

2-Methyl-6-methory-8-8-dimethylaminoisopropylaminoquinoline di- 
hydrochloride prepared from 2-methyl-6-methoxy-8-aminoisopro 
pylaminoquinoline dihydrochloride in the usual way, melts at 218°. 
(Found: N, 12°00; Cl, 20°38. C;}gH,;ON,Clg requires N, 12°14 ; Cl, 
20°52 per cent.). 

B-Hydroxzypropyl-8-aminoquinoline —hydrochloride.—Ally1-8-ami- 
noquinoline hydrochloride (1 g.) (loc. cit.) was warmed with fuming 
HBr (5 c.c.) on a water-bath for 15-30 minutes. Excess of HBr was 
partly removed on the water-bath in a basin and the cooled mixture 
was next made alkaline. §-Bromopropyl-8-aminoquinoline was pre- 
cipitated as an oil and was extracted with ether. The ethereal solu- 
tion was dried and the ether removed when an oily substance was 
obtained which solidified on cooling and scratching and purified 
from alcohol. 


A mixture of 8-bromopropyl-8-aminoquinoline (1°2 g.) and water 
(10-12 c.c.) was gently boiled with Na,CO, (2 g.) for 3-4 hours and 
the oil that separated was extracted with ether. The hydrochloride 
was prepared as usual and crystallised from alcohol. It melts at 170- 
72°, 
































STUDIES IN QUINOLINE COMPOUNDS 209 


That it is the 8-hydroxy derivative follows from the fact that it 
can as well be prepared by condensing chloroisopropy! alcohol with 
8-aminoquinoline inthe usual way. It is thus proved that it is 
the 8-bromo-and f-hydroxy-compounds that are formed in the for- 
mer method. (Found: N, 11°80; Cl, 15°00. C;,H,,;ON,Cl requir- 
es N, 11°74, Cl, 14°88 per cent.). 

6-Ethoxy-8-hydrozypropyl-8 aminoquinoline hydrochloride.—6- 
Ethoxy-8-n-allylaminoquinoline hydrochloride (0°5 g.) was treated 
with fuming HBr (5 c.c.) and was then proceeded with as above. 
The hydrochloride melts at 165° and is hydrolysed by water. (Found: 
N, 10°02; Cl, 12°32. C,,H,,O_N,Cl requires N, 9°91; Cl, 12°56 
per cent.). 

8-n-Lactylaminoquinoline hydrochloride.--8-Aminoquinoline (0°5 g.) 
and ethyl lactate (0°8 g.) were heated together in an oil-bath at 130° 
for 2} hours. The mixture was cooled, treated with dilute hydrochloric 
acid and shaken with ether to remove oily insoluble matters. The 
aqueous solution was filtered, made alkaline and extracted with ether 
from which the hydrochloride was precipitated by passing dry HCl 
gas. It was further purified by crystallisation from alcohol. It isa 
light yellow crystalline powder which is hydrolysed by water, m. p. 
182-85°. It also results from heating the lactate of 8-aminoquinoline 
at 175° for 2 hours. (Found : N, 11°21; Cl; 14°22. C, 9H,;0.N,Cl 
requires N, 11°09; Cl, 14°06 per cent.). 

8-n-Lactylamino-6-ethoryquinoline hydrochloride was obtained 
similarly from ethyl lactate and 6-ethoxy-8-aminoquinoline. The 
hydrochloride which hydrolyses with water melts at 177°. (Found: 
N, 14°02; Cl, 18°21. C,,H,,0;N, Cl requires N, 14°25; Cl, 18°06 
per cent.). 


Tue BragmAcHari ReskArch Institute, 


82/3, ConnwALuis Street, Received February 27, 1932. 
CaLouTTa. 























Dyes Derived from Phenanthraquinone: Fluorenophe- 
nanthrazines. 


By Pareso Caanpra Dutta, DamMopaR PrasaD AND SATISH 
CHANDRA Dz. 


In continuation of the work of Watson and Dutt on phenanthra- 
phenazines (J. Chem. Soc., 1921, 119, 1211) and Sircar and Dutt 
on phenanthranaphthazines (J. Chem. Soc., 1922, 121, 1944), the 
present investigation was undertaken with a view to study if the 
complexity of the ring has any deepening effect on the colour of the 
monoazime dyes. The present communication deals with azine dyes 
obtained by condensing phenanthraquinone and its derivatives with 
1:2-diaminofluorene (Diels, Schill and Tolson, Ber., 1902, 35, 8284). 
The compounds prepared are all deeper in shade than those of the 
corresponding phenanthraphenazines and the phenanthranaphtha- 
zines. For the sake of convenience a comparison of the colours of 
dyeings of wool of some of these classes of compounds is given 
in Table I, 


Taste I. 

Name of the compound. Colour of the dyeing wool. 
4-Nitropbenanthranaphthazine oe Light yellow 
Fluoreno-4-nitrophenanthrazine ane Deep brown 
4 ;5-Dinitrophenanthranaphthazine -—_... Yellow 
Fluoreno-4 :5-dinitropbenanthrazine ... Chocolate 
2-Aminophenanthraphenazine eee Yellow 
Fluoreno-2-aminophenanthrazine oa Chocolate brown 
2-Hydroxyphenanthranaphthazine coe Yellow 
Fluoreno-2-bydroxyphenantbrazine oe Chocolate 


The compounds dissolve in concentrated sulphuric acid with a 
deep blue colour and the original dyes are reprecipitated by the 
addition of water and in this condition they are well suited for dye- 
ing on wool from an acid bath. They are characterised by their 
high melting points and their sparing solubility in alcohol and acetic 
acid. 
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The structure of these compounds can b2 represented by the 
following general formula. 


For the sake of abbreviation the preparation of only one of these 
compounds is described and the rest, except the 2-amino- and the 
4-amino-compounds where in place of acetic acid absolute alcohol 
was taken, being prepared in similar manners, their properties 
recorded in Table IT. 


EXPERIMENTAL. 


Fluorenophenanthrazine.—Molecular quantities of phenanthra- 
quinone and 1 :2-diaminofluorene in acetic acid solutions were mixed 
together and boiled for 1 hour when the substance separated out as a 
greenish-brown crystalline precipitate which was filtered, washed 
with acetic acid and alcohol and recrystallised from nitrobenzene in 
thin brown needles, m. p. 279-80°. It is insoluble in aleohol, 
sparingly soluble in acetic acid and moderately soluble in pyridine. 
Tt dissolves in concentrated sulphuric acid with a blue colour and 
dyes wool in yellow shade. 
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Studies in Chemotherapy. Part III. (Attempts to 
Prepare Antimalarials). Derivatives of Cotarnine. 


By GurcwaraN SincnH ABLUWALIA, BASHESHAR Das KocHuaar 
AND JNANENDRA Nata RAy. 


In the report of Opium Commission of 1893 (Government of 
India) it is stated that opium may have an antimalarial action. 
Narcotine is stated to resemble quinine in its tonic and anti-periodic 
properties. Gordon (Indian Annals of Medical Science, Vol. VII) 
confirmed the prophylactic value of narcotine. But recently Chopra 
and Knowles (Ind. J. Med. Res., 1930, 18, 5) have 
arrived at the conclusion that narcotine has no curative or pro- 
phylactic value in malaria, even in large doses. At the suggestion 
of Central Loard of Revenue (Government of India) the present 
investigation of converting narcotine into a febrifuge, preferably 
an antimalarial, was undertaken. 

Cotarnine has now been condensed with phenols, ¢.g., phloro- 
glucinol, resorcinol and pyrogallol, the reaction proceeding with 
diminishing ease in the order given. It has been established 
(Ahluwalia, Narang and Ray, J. Chem. Soc., 1931, p. 2057) that in 
these condensations probably the nuclear hydrogen atom of the 
phenol molecule takes pert. Anhydrocotarnine-resorcinol (I) or (IA) * 
has now been found to have antipyretic action favourably com- 
parable to quinine and its toxic action to paramoecium (cf. its 
structure with hexyl resorcinol) is greater in equivalent dilution 
than quinine. The details of these experiments will be published 
elsewhere. Cotarnine also condenses with 1-pheny!-3-methy]- 
pyrazolone, 3-methylpyrazolone, 3:5-dimethylpyrazole, 3-methyl- 
5-phenylpyrazole, 1 :5-diphenyl-3-methylpyrazole to give correspond- 
ing anhydrocotarninopyrazoles. Inthe formation of these substances 
(III) probably a carbon to carbon linkage is established since 
1:5-diphenyl-8-methylpyrazule (II) can only react if such is the 
case. 


* Certain results obtained since the paper was written up indicate that the 
substance may also be (IA). 
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(J. Chem. Soc., 1914, 105, 1970) also 
assume that in the condensation of cotarnine with a-methylindole, 
neither the imino group por the methyl] group was involved but the 
condensation took place at the 8-carbon atom of the indole nucleus. 
Hope and Robinson’s anhydrocotarnino-p-nitrotoluene (J. Chem. 
Soc., 1911, 99, 2114) has now been reduced to the corresponding 
amino compound and from it a new alkaloid (IV), which may be 


regarded as belonging to |Jaudanosine group has been prepared. 
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Certain of the above compounds have been tested in respect 
of their antimalarial action. The numbers given in parentheses 
in the experimental portion, are to facilitate reference to biological 
tests. The antipyretic properties of the compounds described in 
the paper has been investigated. The results are given at the end 
of the paper. The antimalarial properties are being studied. 


EXPERIMENTAL. 
Ozidation of Narcotine to Cotarnine. 


The following process worked better than the method given by 
Rakshit (J. Chem. Soc., 1918, 113, 469). 

Nitric acid (d 1°4,66 g.) in water (160 c.c.) was heated till 
the temperature was 49°. To this finely powdered narcotine (20 g.) 
in small portions was added with vigorous shaking, the whole 
operation lasting 14 hours, the temperature being maintained at 
49° all the time. The felt-jacketed reaction vessel, which may 
also be a thermo-flask, was set aside for 12 hours, and then the 
solution filtered from the oily deposit. The strongly cooled filtrate 
was basified with concentrated sodium hydroxide solution, the 
precipitated cotarnine collected, washed with ice-water, dried and 
crystallised from benzene, m.p. 132°, yield 10°5g. The mother 
liquor furnished opianic acid on acidification. 


Anhydrocotarnino-resorcinol (I): 1-(2':4'-Dihydroxyphenyl) 
hydrocotarnine (R 76). 


A mixture of resorcinol (2°2 g.), cotarnine (4°7 g.) and alcohol 
(absolute, 62 c.c.) was warmed on the steam bath at 40-45° for 
15 minutes. The pale yellow crystalline deposit well washed with 
alcohol, was collected after standing some time, yield 6 g. (ef. 
Liebermann, Ber., 1904, 87, 2744). The substance does not dissolve 
in benzene and ether but dissolves readily in dilute acid and alkali 
solutions without bydrolysis. (Found: N, 43. ©C,sH,,0,N 
requires N, 4°3 per cent.). 

The substance (2 g.) was mixed with N/2-HC!i solution (12°2 c.c.) 
and the clear solution cooled when the hydrochloride (R 77) crystal- 
lised out in short prisms, m.p. 240°. (Found: N, 4°1. C,,H,,0;N, 
HCI requires N, 3°8 per cent.). 

The substance in 1:15,000 dilution completely _ arrests the 
movement of paramoecium and kills 20 per cent. in 54 hours 
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whilst quinine is without effect at the same concentration 
on the same strain of paramoecium. The substance decreases 
the tone and amplitude of the contractions of muscles and produces 
an immediate contraction in isolated uterus and thus differs from 
cotarnine which causes slow tonic contraction. The uterus does not 
relax after washing with Ringer’s solution, as is the case with adre- 
naline; thus it resembles quinine hydrochloride. The substance has 
no effect on the shape of contraction of striped muscle. In a dilution 
of 1:10,000 to 1:50,000 it causes diostalic dilatation with decreased 
amplitude of contraction of the cardiac muscle; the frequency is also 
decreased which is followed later on by impared conductio. of 
impulses resulting in partial or complete heart block. However, the 
vagus endings are not involved in the effect of the drug on heart, 
therefore, it directly acts on the cardiac muscles. 

1-(2:3:4 Trihydrozyphenyl) hydrocotarnine (R91) similarly pre- 
pared from pyrogallol (2°5 g.) and cotarnine (4°7 g.) in alcohol (15 c.c.) 
had m.p. 211°. (Found N, 4°2. C;,H,,90,N requires N, 4°1 percent.). 

1-(2:4:6- Trihydroryphenyl) hydrocotarnine (R 87), m.p. 170°. 
and the hydrochloride, m.p. 185° (decomp.) were similarly prepared. 
(Found : N,3°4. C;gH,;,0,N, HCl requires N, 3°7 per cent.). 

Anhydrocotarnino-1-phenyl-3-methylpyrazolone (R 88) (formula 
analogous to III.)—A mixture of 1-pheny]-3-methylpyrazolone (3-5 g.) 
in absolute alcohol (20 c.c. containing sodium ethylate from 0-2 g. 
of sodium) and cotarnine (4-7 g.) was heated on the steam-bath till a 
clear solution resulted, then on standing a colourless crystalline 
material deposited, m.p. 177°, yield 6°7 g. (R 73). 

The substance is insoluble in benzene, acetone and chloroform but 


is soluble in hot alcohol and with decomposition in hot water. At. 


155°, the substance becomes brownish yellow. (Found:N, 10:5. 
Cg2H230,Nz3 requires N, 10:7 per cent.). 

Similarly, when a solution of 3-methylpyrazolone (2:0 g.) in hot 
alcohol (10 c.c.) was added to a hot solution of cotarinine (4°7 g.) in 
alcohol (15 c.c.), the corresponding anhydrocotarninopyrazolone, 
m.p. 199° (decomp.) crystallised out on standing. The substance 
is phototropic. It dissolves to a colourless solution in hydrochloric 
acid without apparent decomposition. (Found: N, 13-5, C;,H,,0,N; 
requires N, 13°8 per cent.). 

3 :5-Dimethylpyrazole (3 g.), prepared from acetylacetone and 
hydrazine hydrate, when interacted with a hot solution of cotarnine 
(4 g.) in alcohol furnished anhydrocotarnino-8 :5-dimethylpyrazole 
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after standing 4 hours, m.p. 140° after recrystallisation from ho’ 
alcohol. (Found: N, 13°6. ©C,;H2,03N3 requires N, 13:8 
per cent.). Anhydrocotarnino-3-methyl-5-phenylpyrozole, m. p. 
146° after changing colour at 187° (R 95) was similarly prepared 
from the corresponding pyrazole. (Found:N, 11:4. CogH»9,0,N, 
requires N, 11-2 per cent.). 

Anhydrocotarnino-1 :5-diphenyl-3-methylpyrazole (R 98) was depo- 
sited from a warm solution of cotarnine (5 g.) and 1 :5-diphenyl-3-me- 
thylpyrazole (5 g.) in absolute alcohol (15 ¢.c.) after standing for 1 
hour and had m. p. 148° after crystallisation from alcohol. (Found: 
N, 9°6. CogHg;0;,N;, requires N, 9-3 per cent.). 

Anhydrocotarnino-p-nitrotoluene can be obtained in a good yield by 
the following modification of Hope and Robinson’s process (loc. cit.). 
Cotarnine (10 g.), and p-nitrotoluene (15 g.)in dry aleohol (100 c.c. 
containing sodium ethylate from 1g. of sodium) was warmed at 
40-45° for 15-20 minutes. The product obtained after standing 12 
hours had m.p. 121°, yield 8g. No difficulty was experienced in 
reducing the substance (cf. however, Gulland and Virden, J. Chem. 
Soc., 1929, p. 1793). The nitro compound (9 g.) was gradually added to 
a mixture of stannous chloride (18 g.). hydrochloric acid (d 1-16, 36 
c.c.) water (30 c.c.) and was shaken for 20 hours at 28-32°. The 
clear filtrate obtained after dilution with water furnished the amino 
compound when strongly basified with sodium hydroxide solution. 
The substance separates as pale yellow needles, m. p. 95° from hot 
dilute alcohol, yield 6:8 g. (Found:N, 8-6, C, gHggO3No requires 
N, 8-6 per cent.). 

Anhydrocotarnino-p-hydrozytoluene (IV, R 90).—A solution of 
anhydrocotarnino-p-aminotoluene (8-5 g.) in sulphuric acid (20 c.c. of 
10 p. c.) was diazotised with a solution of sodium nitrite (0-7 g.) 
in water (3 c.c.) at 0°. The mixture was allowed to stand at room 
temperature fora few days, then made alkaline with sodium carbo- 
nate, and the precipitated phenol thrice crystallised from hot 
dilute alcohol (charcoal), m. p. 191°. (Found:N, 4-6. C,;,H,,0,N 
requires N, 4°3 per cent.). 

Anhydrocotarnino-p-phenetidide (R 96) was obtained from 
cotarnine (4-7 g.), phenetidine (2-7 g.), alcohol (15 c.c.) and sodium 
(0°1 g.) by gentle warming for $ hour and then standing for 3-4 hours. 
The yield is much poorer without sodium ethylate. Recrystallised 
from a mixture of benzene and ligroin it melts at 126°, yield 4-2 g. 
(Found: N, 7°9, CgoH g,0,N¢g requires N, 7-9 per cent.). 
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The hydrochloride, m. p. 239° (after crystallisation from 
methanol) was obt.ined from the benzene solution of the base by 
hydrogen chloride at 0°. Similarly anhydrocotarnino-o-phenetidide 
(R 97) m. p. 126° was prepared from o-phenetidine in a 85 p. c. 
yield, care being taken not to prolong the heating beyond } hour. 
(Found: N, 8-1. Cale. N, 7:9 per cent.). 

Anhydrocotarnino-p-anisidide, m. p. 124° (Found: N, 8:3. 
Ci9Ha20,Nq requires N, 8-2 per cent.) and the o-anisidide, m. p. 
134° (Found: N, 8:3 percent.) were prepared from p- and o-anisidine 
respectively. 

Pharmacological. 


| Wits Dr. Kem Stnew Gravat, M B., B.S., Px.D.] 
TABLE T. 


Effect of Different Dilutions of the 2/:4/-Dihydroxyphenylcotar- 
nine Hydrochloride and Quinine on Paramoecium in 24 hours. 


Dilution. 2’ :4’.Dihydroxypheny!- Quinine hydrochloride. 
hydrocotarnine hydrochloride. 
1 :40,000 All dead All dead 
1 :50,000 do do 
1 :75,000 do do 
1 :1°0,000 do do 
1 :150,000 20% dead All alive 
1 :200,000 All alive do 
TABLE II 


Effect of 2’:4’-Dihydroxyphenylcotarnine Hydrochloride and 
Quinine Hydrochloride in higher Concentraticns on Paramoecium. 


Movements become sluggish. Death 
Time in minutes. Time in minutes. 
Concentra- 
tion of the 
drug used. 2’ :4’.Dihydroxy- Quinine 2 :4’—Dihydroxy- Quinine 
phenylcotarnoine bydrochlo- phenylcotarnine hydro- 
hydrochloride (R 77). ride. hydrochloride. chloride. 
1 :500 At once At once At once At once 
1 :1000 do 0°33 1°3 0°6 
1 :2000 0°65 1°0 2—2°5 13 
1 :3000 1°0 1°5 4°0 20 
1 ;4000 20 3°0 56 8°5 
1 :8000 50 60 22°0 10°0 
1 :16000 6°7 15°0 50°0 28—83 
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Tase III. 


Daily Record of the Rectal Temperature of Rabbits in F°. 


Rabbits marked. 


Date. 


A March 6th 1931 





7th 1981 
8th 1981 
9th 1931 


6th 1931 
7th 1931 
8th 1931 
9th 1981 


6th 1931 
7th 1931 
8th 1931 
9th 1931 
6th 1981 


7th 1931 
8th 1981 
9th 1931 


6th 1931 
7th 1931 
8th 1931 
9th 1931 


8 A.M. 11 A.M. 2 P.M. 5 P.M. 
1021 102°2 102°0 _ 
102°4 101°7 102°2 103°2 
101°8 101°4 102°8 102°4 
102°0 102°1 102°8 103°0 
102°2 102°2 102 2 an 
103°0 101°4 101°9 102°3 
101°9 101°4 102°0 101 4 
101°2 101°7 101°0 102°2 
102°0 101°8 102°0 ~~ 
1020 101"! 101°6 101°6 
101°3 101°4 102°7 102°2 
101°8 102°8 101°6 102°8 
101°7 102°3 102°5 _ 
103°7 102°1 102°3 102°7 
102°4 101°9 102°8 102°7 
102.0 102°9 102°6 108°0 
102°0 101°3 101°4 —_ 
101°4 101°1 101°4 1011 
101°8 101°2 101°4 101°6 
101°5 101°2 101°0 101°6 

Tasie IV. 


Change in temperature after injecting 4°5 c.c. of bacillus coli. 
communis emulsion subcutaneously in the left thigh at 9°30 A.M. 


and the drugs (100 mg.) injected subcutaneously in the right thigh at 








2 P.M. Temperature is shown in F° and the weight in kilos. 

s A. B. Cc. D. E. 

& Weight 1°64 1°45 17 11 1° 
9°30 A.M. 102°2 102°2 102°5 102°6 101°6 
10°30 102°4 102°6 102°5 102°9 101°6 
11:00 102°6 103°8 108°2 103°2 101°8 
11°30 103°8 105°0 103°7 104°6 108°0 
12°00 104°6 105°2 104°5 104°8 104°0 
12°30 P.M. 104°7 106°0 105°8 105°0 104°4 
1°00 104°8 106°0 105°6 105°4 105°0 
2°00 1048 106°0 105°6 105°5 105°0 

7 
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2°30 P.M. 
3°00 
3°30 
4°00 
4°30 
5°00 
5°30 
6°00 
- 6°30 
7 00 
7°30 
8°00 
8°30 
9°00 
10°00 


Aspirine. 


104°0 
108°3 
103°0 
103°0 
103°0 
103°0 
102°8 
103°0 
103°0 
108°0 
103°0 
103°0 
102°1 
102°1 
102°0 


TaBLE I1V—(contd.). 
Quininine 2’ :4’ Di- 
hydro- hydroxy- 


chloride. phenylcotar- 

pine hydro- 
' chloride. 
104°6 104°6 
108°6 104°3 
102°8 108°4 
103°0 108°6 
103°1 103°6 
104-1 163°7 
104°2 104°2 
104°0 104°4 
104°0 104°0 
104°2 104°2 
104°4 104°2 
104°7 104°3 
104°8 104°2 
104°6 104°1 
104°0 103°8 

TABLE V. 


AHLUWALIA, KOCHHAR, GRAVAL AND RAY 


Cotarnive p-Ethoxy- 


hydrochlo-  aminophenyl- 
ride. cotarnine 

hydrochloride 
105°2 104°2 
104°6 103'8 
104°7 104°0 
104°8 104°1 
104°8 1042 
105°3 104°3 
105°4 104°0 
105°4 103°9 
105°5 104°0 
105°7 103°9 
105°2 103°8 
105°0 103°8 
105°0 103°8 
104°9 108°8 
1086 103°8 


Effect of Injecting 2/:4/-Dihydroxyphenylcotarnine Hydrochloride 
in the Ventral Lymp Sac of the Frogs. 


Weight of the 
frog. 
20 g. 


SRSRESRRERRSRSSESS 


RSRS 


Dose per 
Kg. 


0°10 g. 
0°10 
0°10 
0°10 
0°15 
0°15 
0°15 
0°15 
0°20 
0°20 
0°20 
0°20 
0°25 
0°25 
0°25 
0°25 
0°25 
0°25 
0°35 
0°35 
0°35 
0°35 


Dose per 20g. 
body weight. 


2g. 


Iayrnwtwanraraanarke pee wwmewnwn PY w 


Actual dose. 


0°0020 g. 


0°0030 
0°0040 
0°0040 
0°0045 
0°0028 
0°0045 
0°0037 
0°0050 
0°0024 
0°0054 
0°0030 
0°0100 
0°0105 
0°0075 
0°0065 
0°0050 
0°0030 
0°0192 
6°0087 
0°0105 
0°0122 


Result. 


No effect 
do 
Respiration slowed. 
No effect, 
do 
do 


Respiration slowed. 


No effect. 
Recovered. 
do 
Recovered. 
do 
do 
do 
Dead in 20 bre, 
Recovered. 
do 
Dead in 7 brs. 
Deadin6 ,, 
Recovered. 
Dead in 5 hrs. 
Dead in 6 hrs, 
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Temperature Coefficients of Photochemical Reactions. 
By N. R. Duar anp W. V. Buacwat. 


In several publications from these laboratories (Mukherji and 
Dhar, J. Phys. Chem., 1929, 88, 850; Bhattacharya and Dhar, Z. 
anorg. Chem., 1928, 176, 372; J. Indian Chem. Soc., 1929, 6, 148; 
Verma and Dhar, Z. anorg. Chem., 1929, 184, 90; Bhagwat and 
Dhar, Z. anorg. Chem., 1931, 197, 23 ; Malaviya and Dhar, Z. anorg. 
Chem., 1981, 199, 400), it has been shown experimentally that the 
temperature coefficient of a photochemical reaction is always less 
than that taking place in the dark. Moreover, it has been observed 
with numerous photochemical reactions taking place in radiations of 
different wavelengths that the temperature coefficient of a reaction 
depends on the acceleration of the reaction on illumination. The 
greater the acceleration of a reaction in light, the smaller is the value 
of its temperature coefficient. It has been emphasised in our publi- 
cations that the influence of temperature, of light and of a positive 
catalyst on a reaction appears to be identical. 

In this communication we shall deduce a relation by which the 
temperature coefficient of a photochemical reaction can be predicted 
from the temperature coefficient of the dark reaction and its photo- 
chemical acceleration at a definite temperature. Moreover, we 
shall critically examine certain views expressed in recent years corre- 
lating velocity and temperature of a photochemical reaction. 

Arrhenius (Z. phys. Chem., 1889, 4, 226) formulated the fol- 
lowing empirical relation for the velocity coefficient of a thermal 
reaction at two temperatures from considerations based on the exist- 
ence of active and inactive molecules in a system. 


Marcelin (Compt. rend., 1913, 167, 1419; 1914, 168, 116, 407; 
Ann, Physique, 1915, ix, 3, 120), and Rice (Brit. Assoc. Rep., 1915, 
p. 827) by applying statistical mechanics arrived at the same 
conclusion. 

The influence of light on a reaction appears to be similar to that 
of temperature on the same reaction and consists in increasing the 
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number of active molecules. Hence it is possible to connect the 
amount of activation or acceleration due to light in terms of tempera- 
ture effect. Assuming that the intensity of light remains the same 
when the temperature is varied, the photochemical effect in terms of 
temperature remains constant. Thus from the knowledge of the dark 
velocity coefficient and the photochemical acceleration at one tem- 
perature, it is possible to calculate the photochemical velocity coefti- 
cient at any other temperature. Moreover the thermal temperature 
coefficient can directly be connected with the photochemical tempera- 
ture coefficient. 

Let K, be the dark velocity coefticient at temperature 7,, and K, 
be the dark velocity coefficient at temperature 7’. where T,—T, =10. 

Let K’, be the light velocity coefficient at temperature T, (all 
temperatures are expressed in absolute scale), then 


or A= A172 log z, where c= - 


A 
Kg= K, ec (7, 
1 


U 


also log x =log y=A( op ) 


where 7', is the temperature of the dark reaction corresponding to 


the photochemical velocity coefficient K , then 


*  Tz.log x-10 log y 





Hence the photochemical acceleration corresponds to the rise in 
temperature 


= 10 T, log y 
+a~%e T> log x—10 log y 





Therefore the photochemical velocity coefficient at T, is equal to the 
dark velocity coefficient at T,+T,-—T,. 


T? log z.log y 
' 2 — 2 
Thus K , =Kye!? log z—10* log y 





and K ,=K,0%" 
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Hence the temperature coefficient of a photochemical reaction 








u log m 2 
aig. -Ks = Ks ( - =) where log m = Zs tk im 
K, -K, K, \ -loe v_y T, log x—10? log y 


where as is the dark temperature coefficient. 
i 


The applicability of this relation has been tested by modifying 
this equation. When the photochemical acceleration is small, 


2 
102 log y can be neglected compared to T, log z. Hence 


2 
log as log y. The equation can be written as 
2 





, Ti log Ky 
Ag —Ks . Ba( 2 —!) 


and the value of K can be calculated when we know both the tem- 
perature coefficients of the dark and photochemical reactions. If the 
value of K is unity it is clear that the equation holds good. It has 
been observed that for small accelerations in case of numerous re- 
actions and for various wavelengths the value of K varies from 0°97 
to 1°01. This relation has been found to be applicable to the follow- 
ing photochemical reactions: Sodium malonate and iodine, potas- 
sium oxalate and bromine, citric acid and potassium permanganate, 
bleaching of dicyanin, sodium formate and iodine, chromic acid and 
oxalic acid, sodium formate and mercuric chloride, sodium potassium 
tartrate and bromine, quinine sulphate and chromic acid, potassium 
permanganate and oxalic acid, sodium lactate and iodine, sodium 
tartrate and iodine and many other reactions. This relation holds 
good when the photochemical acceleration is small, but appears to be 
inapplicable in some cases where the photochemical acceleration is 
very high. 


The equation 


Ti log z log y_ 
K, ~~ as I Pi log atl 
Ki-K, Ki \ ,bev-y 
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shows not only that smaller the photochemical acceleration over the 
dark reaction, the greater is the photochemical temperature coeffi- 
cient, but it also shows that it approaches the dark temperature co- 
efficient more and more and in the limit it is equal to it and can 
never be greater than the dark temperature coefficient. 

It follows from the law of photochemical equivalence first enun- 
ciated by Einstein that the temperature should have no effect on the 
velocity of photochemical reactions. In deducing this law, Einstein 
has made the assumption that all the molecules in a system possess 
the same amount of energy and are in the same state of activation. 
It is clear from Maxwell’s law of distribution that all molecules can 
not possess the same amount of energy. Moreover, the kinetic energy 
of the molecules increases with temperature, It appears, therefore, 
that Einstein’s law of photochemical equivalence cannot explain the 
observed temperature coefficient of photochemical reactions. 

In order to explain the influence of temperature on the velocity 
of a photochemical reaction, it is generally assumed that molecules 
which have absorbed a quantum of light of stated frequency are 
often only activated if they already possess, before absorption, energy 
greater than a critical limit. If we represent by ‘e’ the critical 
increment, that is, the amount of energy which must be given to a 
molecule to render it chemically active, the thermal acceleration of 
the reaction taking place in the dark is given by 


d log K_ Ne 
d RT? ° 


In order that a molecule can ve brought into active state by a quan- 
tum of light, its energy must exceed the molecular energy by at least 
e—hy. The velocity of the thermal acceleration of the photochemical 
reaction is thus expressed by the equation 


d log K _ N(e—hy) 
aT RT? ~ 





* According to this formule the thermal acceleration is less for the 
photochemical reaction than for the same reaction carried in the 
dark. Tolman (J. Amer. Chem. Soc., 1923, 45, 2285) has come to 
the conclusion that the temperature coefficient of a photochemical 
reaction is unity when the average energy of the reacting system is 
the same as the average energy of the reacting molecules and this 

















TEMPERATURE COEFFICIENTS ETC. 229 


is actually the assumption made by Einstein in deducing his law of 
photochemical equivalence. 

Recently A. Berthoud (Trans. Faraday Soc., 1981, 27, 486) 
from considerations based on the limiting energies of molecules 
obtainable by integrating Maxwell’s formul#, has taken objection 
to the above equation, because it leads to the view that the 
velocity of a reaction ought to increase very rapidly with the 
frequency and to become independent of frequency after a limiting 
value of the frequency. But this is not supported by experimental 
results. In almost all photochemical reactions, increase of the 
quantum yield is observed in a very wide spectral zone with increase 
of frequency. 

Bodenstein (Z. Phys. Chem., 1913, 85, 318) suggested that for 
the occurrence of a photochemical reaction, it is necessary to have 
not only the activation of light absorbing component of the reacting 

“system but also an activation of the other reactant is essential. 
According to Bodenstein this activation should be possible by the 
energy of the thermal agitation. Hence the photochemical reaction 
taken as a whole becomes sensitive to changes of temperature. It 
is clear from the above view of Bodenstein that the temperature 
coefficient of a thermal reaction should be higher than that of photo- 
chemical reaction, because in the thermal reaction the activation 
of both the reactants is due to the supply of thermal energy. 

It is difficult to conceive that out of two types of reacting mole- 
cules, one type only will be affected by increase of temperature. It 
seems more plausible to assume that the amount of energy absorbed 
by one type of molecules is different from that taken up by the other. 

Let us consider a reaction of the type. 


A+B-—>C. 


Let us assume the amount of light taken up by the two types 
of molecules to be different and K, and K, the energies 
absorbed where K, + K,=A! the total light absorbed by the reacting 
system. Let the energy due to temperature T,=zx+y of 
which z is the amount taken up by A type of molecules 
and y by B type of molecules. Let z be the energy due to tem- 


perature Ty, then ere will be taken by A type of molecules and 


& will be taken by the B type of molecules, 


8 
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If v,, and vg are the dark velocity coefficients corresponding 
to the temperatures T, and Ty, and v’; and v'g are the photo- 


chemical velocity coefficients for the same temperature, then the 


2 
temperature coefficient of the thermal reaction ="3 = ( a 
v1 r+y 


and the temperature coefficient of the photochemical reaction is 
given by 





Wy—vg _—- Kg. Ky. (e+ y) + Ka. y.8.+ Ky. 2.2. 
vw, -?, (K,. K,.+K,x+Kay) (x+y) 


This is maximum when either K, or K, is equal to zero, and the 


Io 

above equation becomes v3 "s “ee 2 ua & 
2 tad (x+y) 

Hence the photochemical temperature coefficient is always less than® 

the square root of the dark temperature coefficient. If K,=K, we 

get 


Soe os 2th Pn (ii) 
vy —v, Al + 2(a+y) 

This value of the temperature coefficient is less than (i), When a 
reaction is studied in almost monochromatic light, we actually ob- 
serve the validity of the equation (i) and hence we may conclude in 
such cases that in this particular wavelength only one type of mole- 
cules is affected. The validity of equation (ii) is observed in reactions 
studied in composite light. This is quite obvious because in compo- | 
site light there are various wavelengths affecting all types of mole- 

cules present. If only one type of molecules be affected by light ) 
Wes = 8 
wv) —v, Vv; 
dark temperature coefficient. This however, is not supported by 
experimental observations. Hence the assumption of Bodenstein 
that only one type of molecules is activated by temperature and 
the other only by light seems incorrect. 

Very recently Young and Style (Trans. Faraday Soc., 
1931, 27, 494) have advanced the view that the increase in the 
extinction coefficient with temperature is one of the causes of the 
temperature coefficient of quantum yield. Dhar and his co-workers 


and the other by temperature alone, then = the 
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have actually observed that the extinction coefficient increases with 
temperature. But this can not be the cause of increased quantum 
yield with temperature. Contrary to the statement of Young and 
Style, (loc. cit.) Bhattacharya and Dhar (loc. cit.) have shown that 
the quantum yield falls with the increased absorption. This will be 
clear from some of their results given below :— 


Diameter of Quantum 
the aperature _yield. 


No. Source of light. Reaction mixture. Temp. of the iris- 
diaphragm in 
cm. 
1. 1000 watt lamp 20% Cane sugar (15 c.c.) and x 35° 2 16°5 x 10? 
HCI (5 c.c.) 
” ” ” 08 19°2 x 102 
° N i 
2 4725 A jor7 «4Br and 43% 20 2 6°2 
» methyl alcohol (10 c.c. each) ,, 08 79 
3 «ask _ Bw ond 8% 20° 2 32 
113°7 
he ethy! alcohol (10 c.c. each) ” 08 4°6 
° =a 
4. 4725 A 49% Acetone (5 c.c.) 5p iodine 31° 2 41 
- (10¢.c.) and —N_ HCI (5 «.c.) » 08 53 
9 42 


Similar decrease of quantum yield with increase of light intensity 
has been observed with several other photochemical reactions. 

The foregoing results show that the quantum yield decreases as 
the amount of light falling on the reacting mixture is increased. It 
has been observed that the amount of absorption is directly propor- 
tional to the amount of the incident radiation. Hence we can 
conclude that greater the intensity, the less is the quantum yield. 
The reason of this decrease in quantum yield with increased absorp- 
tion of intensity is not far to seek. In a paper (Z. anorg. Chem., 1931, 
199, 406) concerning the relation between light intensity and velocity 
of photochemical reactions, we have shown that the amount of 
activation for the same increase of intensity or absorption falls as the 
intensity or absorption is increased and hence the amount of reaction 
per unit of absorption or quantum yield falls as the absorption or 
intensity increases. Thus the conclusion of Young and Style that 
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increased absorption with rise of tempreature is one of the causes of 
increased quantum yieid seems to be incorrect. The fact that the 
photochemical temperature coefficient is partially governed by the 
thermal one indicates that the mechanism of the photo-reaction is 
more or less allied to that of the dark reaction, although the increased 
light absorption with temperature increases the internal energy and 
chances of collision and thus the mechanism of the photo-reaction 
may be modified. 


Summary. 


The temperature coefficient of a photochemical reaction can be 
calculated from the temperature cofficient of the dark reaction and 
its photo-acceleration at a definite temperature. 

Tolman’s conclusion that the temperature coefficient of a photo- 
chemical reaction is unity when the average energy of the system is 
the same as the average energy of the reacting molecules, is inherent 
in Einstein’s deduction of the photo-equivalence law. 

Bodenstein’s suggestion that out of two reacting molecules only 
ono type of reacting molecules is activated by absorption of light and 
the other type by temperature only leads to conclusion unwarranted 
by experiments. 

Increased light absorption with increase of temperature cannot be 
the cause of the increased quantum yield with increase of tempera- 
ture. Results obtained in this laboratory show that the increase of 
light absorption leads to a decrease of the quantum yield and this 
can be satisfactorily explained from our view point that the number 
of molecules available for activation by light absorption decreases 
with increased absorption. 


Cuemican Laporatory, 
University oF ALLAHABAD Received April 28, 1982. 
ALLAHABAD, INDIA. 























Diamagnetism in Evidence of I. P. of Niton. 
By Susi CHAnpRA Biswas. 


By using an apparatus almost similar to that used by Hertz and 
Kloppers in determining the ionisation potentials of rare gases, 
Holweck and Wertenstein (Nature, 1930, 126, 433) determined the I.P. 
of niton. Their method was to neutralise the negative space charge 
by accelerated positive ions from a subsidiary cathode. The quan- 
tity of niton used in their tube was of the order of 300 milli-curies 
giving an effective pressure of about 0°8 bar. At such low pressures, 
the number of ions produced by a-rays was negligibly small and thus 
it was believed that the gas behaved like any other permanent gas. 
They indicated I. P. for niton at 10°6 volts. Kasmussen (Z. Physik, 
1930, 62, 7, 494) examined the spectral relations of the radium 
emanation in a discharge tube with admixtures of He, Ne, and A. 
With He and Ne mixtures, only the spark spectra appeared while with 
A-mixture, only the are spectra were noticed. The lines of the arc 
spectrum were arranged in series and a number of strong terms and 
two resonance lines were noted. From this the series limit computed 
was P,=10°7 volts. Evidently the process involved in this mode of 
excitation is due to a collision of the second kind which means that 
the reaction takes place between the radium emanation and the ex- 
cited A atom raised to its metastable state (11°7 volts) or to its 
ionised state (15°5 volts); the more probable energy state to which 
niton is raised is to be determined by the close resonance between the 
energies of the exciting and the excited states. It is thus not alto- 
gether unlikely that I. P. of Niton is greater than that of xenon whose 
ionisation voltage lies at about 11°5 volts. 

By a comparison of the ionisation values of a number of elements 
whose outermost electrons belong te N, O, and P-shells, it was shown 
(Biswas, Phil. Mag., 1928, vii, 5, 1091) that the contiguous elements 
of same chemical family (iso-electronic elements) having outer N, O, 
and P-shells diminish in their ionisation values due to an increase of 
shells from N to O- shell but then suddenly increase again for the 
corresponding elements having outer P-shell. From the beginning of 
the P-shell with one outer electron in Au (79) to the addition of 5 
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electrons in Bi (83), i. ¢., (to the addition of 3 electrons in 6, group 
after the completion of the subgroup 6, with two outer electrons) the 
rise in ionisation values of all the elements having outermost P-shell 
from the corresponding iso-electronic elements having outermost 
O-shell was unmistakably noticed. 


TaB.e I 

N-shell O-shell P-shell. 
Cu 7°69 Ag 754 Au 9°25 
Zn 9°85 Cd 8°95 Hg 10°39 
Ga 5°97 In 5°76 Tl 618 
Ge 7°85 Sn 7°38 Pb 7°93 
As 9°40 Sb 80 Bi 8'0+0°5 
Kr 13°3 Xe 11°5 Nt 14°0+05 


Now the relation that has been found to hold so far till Bi, can 
surely be extended to the completion of the sub group 6, in niton 
(86) and thus it is expected that the I. P. of Nt should be greater 
than that of xenon. [Ionisation values of the iso-electronic elements 
having successively the outer shells L, M, N, O, etc, fall off regu- 
larly and continuously till the elements having outer O-shells are 
reached. Thus keeping aside the elements having outer P-shell 
the gradual diminution of the ionisation values with the increase 
of the number order of the shell is a common feature, which in no 
case has however been extended for any known I. P. of an element 
having its outer electron in P-shell (shells 1s to 5d completed with 
78 electrons) and thus the extention of the relation that has subsisted 
among the rare gases from He til! Xe, to Niton does not carry 
any weight. 

It is proposed to argue on the evidence of the diamagnetic 
susceptibility that the elements having outer P-shell behave abnor- 
mally with respect to those having any other outer shell. L. Pauling 
(Proc. Roy. Soc., 1927, A, 114, 181) has obtained a formula for the 
diamagnetic susceptibility of a number of free atoms and ions. 


4 





_ {81,(1, + n-1) 


n 
— —9: -6> & 
Xe= 2°01 x 10 =(7- Sm,)? [ bn? 


in which x, =diamagnetic susceptibility for the atom, n, the total 
quantum number, /=(k—1), k being the old azimuthal quantum 
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number, Z=nuclear charge, SM,=screening constant for diamagne- 
tism, 5S, means that the summation extends over all electrons in 
the atom. 

Specific susceptibilities per unit mass calculated by this equation 
are given below for the elements having outer N, O and P-shells. 


TaB.e II 
— x x 108. 
N-shell O-shell P-shell 
Cu 21 (18) Ag 41 (20) Au 33 (15) 
Zn 17 (15) Cd 33 (18) Hg 28 (15) 
Ga 14 (24) In 30 (11) Tl 24 (24) 
Ge 12 (12) Sn 23 (35)? Pb 17 (12) 
As 10 (31)? Sb 20 (82) Bi 18 (140) 
Kr 37 Xe 44 Nt—41 (I.P.=10°6 volts) 


32(1.P. =14+0°5 volts) 


Clearly enough the specific susceptibilities for all the elements 
having outer O-shell increase in values from the corresponding ele- 
ments having outer N-shell but these values decrease again for the 
elements of the same iso-electronic series having outer P-shell. It 
will thus be noticed that the relation with diamagnetism and ionisa- 
tion voltages for the elements under different shells act exactly in 
opposite senses. It is thus believable that the specific susceptibility 
increases continuously for rare gases with the increase of the order 
of the shell till the outer O-shell is completed in xenon but diminish- 
es again to a value even less than that of xenon with the increase 
of the next outer P-shell in niton. 

Specific susceptibilities determined experimentally by Honda and 
Owen, in the metallic states of these elements are included within 
brackets in Table II, to show that the relation brought out by these 
values are quite in keeping with those calculated according to Paul- 
ing. Of these experimental values, those for In and As are doubtful 
due to impurities. Susceptibilites of Sb and Bi are already known 
to be abnormally high. Hence the values for Sb and Bi could not 
necessarily be fitted in the chart. These high values for Sb and Bi 
are possibly due to the fact that besides the effect of the electrons 
bound with the atom core (Pauling’s x values for Bi=18 x 10-8) the 
influence of the free conducting electrons and the influence of the 
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bindings of the crystal lattices play important parts to enhance in 
values. 

Since diamagnetic susceptibilities primarily depend on the num- 
ber of outer electron group, the mean susceptibility of the rare gas 
atoms-Kr, Xe, and Nt has been only approximately calculated for 
the electrons associated with (n, k) orbits orientated at random by 
evaluation of the quantum numbers of Pauling’s equation with the 
assigned values of the group, while their effective charges have been 
only roughly eliminated by the values of the Ionisation Potentials 
corresponding to the removal of an electron of that group (Stoner, 
‘‘Magnetism,’’ p. 28). These values are included in Table II. It shows 
that x for Nt is lower than that of xenon for both the values of I. P. 
of 10°6 and 14°0+40°5 volts. For Kr, Xe, and Nt contributions due 
to the inner electron groups than the outer-most ones are not taken 
into account, hence these values are found much more reduced than 
Pauling’s values for the same elements. Dia-magnetic susceptibility 
of Kr, Xe and Nt has also been calculated (Biswas, Phys. Rev. 1981, 
38, 1784) according to Slater’s method of charge distributions of 
of the different electron shells in which the total quantum numbers 
of N, O, and P-shells have been substituted by their effective quantum 
numbers of 3°7, 4°0, and 4°65 respectively Slater, Phys. Rev., 
1930, 36, 57). This method gives a very low value of x, for Nt 
(—46°6 x 10-®) which seems to support a lower x value of niton. 

Nielsen (Nature., 1830, 18, 620) by a study of the spectroscopic 
data of Rasmussen (loc.cit.) has estimated the radial charge distri- 
butions of Nt according to Hartree’s method of self consistent field. 
This offers another independent mode of checking x for Nt which 
is proposed. 

Incidentally it may be remarked here that the distinctive feature 
as exhibited by the elements having their outer-most, electrons in 
P-shell as apart from the sequence that holds with the increase of 
the order of the shell till O-shell is completed, is seen to arise as 
due to the evaluation of the quantum numbers and the effective 


charges corresponding to their (n, k) group. 
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The Reduction of Ferric Chloride by Citric Acid, 
Malic Acid and Sugars. 


By Ruxminit Mowan PourKAyYAsTHA. 


The reduction of ferric chloride by mandelic acid, lactic acid 
and tartaric acid was published in a previous paper (J. Indian Chem. 
Soc., 1929, 6, 827). A large amount of work has already been done 
on the reduction of ferric chloride by organic acids and of ferric salts 
of organic acids (Benrath, Z. Phys. Chem., 1919, 74, 115 ; 
Bolin, Z. Phys. Chem., 1914, 87, 490; Allmand and Young, J. Chem. 
Soc., 1981, p. 3079) 

These reactions are characterised by their simplicity. The dark 
reaction and the temperature coefficient are generally very small 
and the photochemical reaction is zero molecular. “The present 
paper deals with the reduction of ferric chloride by citric acid, “malic 
acid, glycerine and some sugars, such as glucose, mannose, galactose 
and levulose. ; = 

The source of light was a quartz-mercury burner. The reactions 
were studied at 435un and 8664. --These- monochromatic radiations 
were obtained by means of filter Nos. 22870 and 312 of Schott-and 
Gen. The intensity of radiation absorbed was measured as before 
by means of a Moll thermopile and Moll galvanometer and compared 
with the intensity of a standard Hefner. Other experiniental 
arrangements were the same as before. Some of the substances, 
such as critic and malic acids used in these experiments, were all 
recrystallised but the sugars were used as such without crystallisa- 
tion. They were. preparations of _Pfanstiehl Chemical Co. . and. of 
high grades of purity. ' 

It was shown in our previous paper that addition of some hydro- 
chloric acid is necessary in order to prevent the disturbing | influences 
due to the hydrolysis of ferric chloride and dissociation of hydrochloric 
acid produced in course of the reaction. On account of very large 
absorption in blue-and violet region, even & considerable variation 
in hydrochloric acid concentration did not affect the velocity of 
reaction appreciably. Inthe present case, concentration of_ hydro- 
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chloric acid has been kept equal to that of ferric chloride, 2 C.c. 
of the reaction mixture was always titrated with nearly 0°003N 
thiosulphate solution. 


Tasue I. 
485 up. 
FeCls, 0°08M. HCl, 0°08M Citric acid, 0°25M. Temp., 30°. 

Time in hrs, 0 1°25 2°5 3°75 5 
(a-z) 19°2 16°15 18°1 10°1 7°16 
a/t 2°44 2°44 2°4 2°86 

Glucose, 0°25M. 

Time in bre. 0 1°25 2°5 3°75 5 
(a-z) 19°35 18°25 17°16 161 15°05 
(x/t) 0°88 0°88 0°84 0°84 

Levulose, 0°25M. 

Time in brs. 0 1°25 2°5 3°75 
(a-z) 19°2 17°95 16°85 15°85 
a/t 10 0°88 0°8 

TaBxe II, 
Glucose, 0°25M. 366uy. 

Time in brs. 0 2 4 6 
(a-2) 19°83 18°55 17°8 17°05 
a/t 0°375 0°375 0°375 





It will be seen that except in the case of lmvulose, the reactions 
are zero-molecular. Galactose also showed a similar fall in the 
value of z/t. Inthe case of malic acid, mannose and glycerine, 
truly zero-molecular constants were obtained. The dark reaction 
was measured in all cases and found to be exceedingly small. 
Leevulose however showed appreciable dark reaction which is given 
in Table III. 


Tasre III. 
Levulose, 0°25M. FeCls,0°08M. HCl, 0°08M. Temp., 80°. 
Time in hrs. 0 24 48 


(a=a) 19°38 17°75 16°3 


































REDUCTION OF FERRIC CHLORIDE 


TasBie IV. 


Influence of Intensity. 


485 uu . - 366 yu 
Energy ner, nergy 
1860 ergs. 950 ergs. 480 ergs. 230 ergs. 
z/ z/t a/t a2/t 

0°25M-Citric acid 2°43 1°3 075 0°38 
0°26M-Malic acid 1°3 0°7 

Energy Energy 

absorbed pee 

1220 ergs. 910 ergs. 
0°25M-Glucose 0°86 0°44 0°875 018 
0°25 M -Galactose 0°88 0°48 


The above table shows that for each frequeney of radiation, the 
reaction velocity is directly proportional to the energy absorbed. 


TABLE V. 


Influence of Concentration of Ferric Chloride. 


HCl, 0°08M. Temp. 80° 
a2/t (485m) az/t (366up) 
Conc. of FeCl; ... 0°08M 003M 0°015M 0°08M 0°03M 0°015M 
0°25M-Citric acid 2°45 2°43 2.3 0°75 0°74 0°74 
0°25M-Malic acid 1°3 1°25 1°25 0°67 0°65 
0°25M-Glucose 0°088 0°065 0°38 0°375 0°37 
0°25M -Mannose 0°87 0°66 0°35 0°35 


It will be seen that the reactiou velocity remains practically the 
same even with fairly wide variation in the concentration of ferric 
chloride. With glycerine and sugars, however at 435uu, the value 
of z/t increased with increase in the concentration of ferric chloride. 
Intensity measurements showed that the incident 366u. was com- 
pletely absorbed in all cases. The incident 435un was also complete- 
ly absorbed by the different mixtures of organic acids and ferric 
chloride but in the case of mixtures of sugars and ferric chloride 
with 0°03M-FeCl;, the absorption was 1220 ergs and with 0015M- 
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FeCl, solution it was 910 ergs, the values of 2/t being 0°87 and 
0°65 respectively which are exactly proportional to the energy 
absorbed. The zero-molecular constants, obtained at 435uu in the 
case of sugars and glycerine though the incident radiation was not 
at all completely absorbed, are due to the fact that owing to very 
small velocity, only 15 to 20 per cent. transformation was measured 
and within this saiall change in the concentration of ferric chloride 
there was no appreciable variation in the energy absorbed. 


TABLE VI. 
Quantum Efficiency. 
Reaction Cell: 4 cm. x 4cm. x 0°5 cm. 


Ferric chloride, 0°03M. HCl, 0°03M. Temp., 30°. 


Amount of FeCl;, reduced per hr. in c.c. of 0°0032N-thiosulphate 
solution per 2 ¢.c. reaction mixture. 


435 up 3664p 
Energy absorbed, 1860 ergs. Energy absorbed, 480 erge. 
Citric acid, 0°25M 2°43 0°75 
Malic acid, .,, 1°25 0°45 
Energy ebsorbed 1220 ergs. 

Glucose, 0°25M 0°86 0°37 
Mannose, ” 0°87 0°855 
Lavalose, ,, 0°88 0°36 
Galactose, ,, 0°87 0°87 
Glycerine, z 0°63 0°35 


Citric acid and ferric chloride at 366uy. 


480 x 866x107? x 16 | 
Energy absorbed = 6°55 x 10727 x3x107 = 1°48 x.1015 








nara 0°75 x 0°0082 x 6°1x 1093x 8 . - 
= Mols of FeCl, sodueed mig ~ 2% 1000 x 60 x 60 = 
he? = 1°68 x 1015 
-- Mols. transformed _ 163x101 | al 





“'No. of quanta absorbed = 1°48 x 1075 

















REDUCTION OF FERRIC CHLORIDB 


Tasue VII. 






Showing the number of mols of FeCl; reduced per quantum of 
energy absorbed with different reductants. 


435 uu 
Critie acid 0°8 
Malic acid 041 
Glucose 0°43 
Mannose 0°44 


366mm 

1°14 | Levulose 
07 | Galactose 
0°67 | Glycerine 
O68 


435 uu 
0°46 
0°44 
0°84 


366 up 
0°65 
0°65 
0°63 


It was shown in our paper already referred to that with mandelic 
acid as reductant the number of mols of ferric chloride reduced 
per quantum of energy absorbed was between 1 and 1°8 and with 
lactic acid and tartaric acid as reductants between 0°45 and 0°8. 
Hence it may be said that with sugars, glycerine, lactic acid, tartaric 
acid and malic acid as reductants, about two quanta are necessary 
per mol of ferric chloride reduced; while with mandelic and citric 
acids, one molecule of ferric chioride is reduced per quantum of 


energy absorbed. 
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Examination of the Oil of Clupea Ilisha. 
By M. Goswamr ann J. Datta. 


Clupea Ilisha is found abundantly in the rivers of Bengal and 
Burma. The output is so large that after supplying the entire rainy 
season, fishermen saltup the surplus to sell in winter when this . 
variety of fish is scarce. In this salting process much of the oil 
comes out and as such is practically lost. With a view to finding out 
some technical utilisation of this oil the present work was undertaken. 

The fish is very cheap in proper season. It yields about 20 per 
cent. oil on being simply boiled with saline water, retaining its shape 
if carefully handled. 

The oil is characterised by its pale yellow colour, fat like 
consistency, slight fishy odour and low iodine value. In all these 
properties the oil can be differentiated from marine fish oils, 

An examination of the oil gave the following values. 


Consistency and colour eee cee ave ia Like butter fat. 
Specific gravity at 23° ove eee vee ons 0°9194 
Refractive index at 40° one aes aes se 1+4606 
Saponfication value ove see avs ose 200-0 

Iodine value ee “ = ee eee 88-0 

R. W. value a eee am een oes 1-7 
Polaneske value... eee ove ove ove 0°77 

Acid value “ ove ooo ove ie 2°19 
Unsaponifiable matter ie “ _ oti 0°85 p.c. 


Though the oil contains a large proportion of linoleic acid together 
with clupanodonic acid (8 p.c.), the oil film when exposed to 
atmosphere for about a month, did not show any appreciable sign of 
drying, indicating thereby the non-drying character of the oil. The 
oil separates into its solid and liquid fractions on standing ata 
temperature of 830°. The solid fraction has a melting pont of 46° 
and a setpoint of 36°, whereas the same for the liquid fraction are 
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21° and 10° respectively. The mixed fatty acids were examined and 
found to contain 37°4 per cent. solid acid and 56°3 per cent. liquid 
acids. The liquid acids were further separated by Bromide method 
and gave oleic acid, 57 p.c., linoleic acid, 35 p. c. and clupanodonic 
acid, 8 p.c., whereas the solid acid was almost entirely constituted of 
palmitic acid. The unsaponifiable matter was examined and was found 
to contain cholesterol. During the examination of fatty acids, a dirty 
mass having strong fishy odour was liberated when the dry soap 
obtained by saponifying the oil, was acidified with hydrochloric acid. 
It was practically insoluble in ether but dissolved easily in alkalis. 
As the quantity was very small it could not be examined further. 
The oil responded to the test for vitamin D and gave soft soap on 
saponification with caustic soda, both the properties are technically 
utilisable. 


EXPERIMENTAL, 


Examination of the Mixed Fatty Acids. 


The oil was saponified with alcoholic potash and alcohol driven 
off. The dried soap obtained was first extracted with petroleum 
ether to remove unsaponifiable matter, then decomposed by dilute 
hydrochloric acid and the liberated fatty acid layer was washed free 
from mineral acids. It was examined and the following values were 
obtained. 


Todine value nn one a ols pon ove 90°5 
Mean mol. wt. ‘eis an aid ‘iia ead -- 268°5 
Melting point ove me oe id sets ove 42° 


The mixed fatty acids were separated into liquid and solid 
fractions by the method of Twitchell (Ind. Eng. Chem., 1921, 18, 
806), and the following results were obtained. 


p-c. Todine value. M.p. 
Solid acids 37:4 1°75 57° 
Liquid acids 56°3 144°5 


Ezamination of the Oil by Alcoholysis. 


50 C.c. of the oil were submitted to alcoholysis using POCI, 
(Goswami and Ramanujam, J. Indian Chem. Soc., 1931, 8, 418). 
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The resulting ester freed from acids, glycerine and moisture was 
distilled under 5 mm. pressure with the result given below. 


Temperature. Fractions. 
Upto 170° one + Traces 
170°—190° ove » 17 0.¢. 
190°—212° ose oo. 24C.c. 


A black residue having strong fishy odour remained undistilled 
even above 230°. Results of the distillation point out the 
following : 

(a) Practical absence of lower acids. This is corroborated by 
low Reichert value. 

(b) Presence of palmitic acid to the extent of 40 p. c. of the 
total acid. This has been supported by the separation of acid as 
given above and by the study of solid acid as is given hereafter. 


Examination of the Solid Fatty Acid. 


The solid fatty acid as obtained by separating the mixed fatty 
acid was esterified in methy! alcohol by passing a current of dry HCl 
gas. Ester obtained was a white liquid at ordinary temperature 
but solidified when cooled into plates, m. p. 26°. This was distilled 
under vacuum with the result given below. 


Temperature. Pressure. Fractions. 
Up to 170° oe 5 mm. Traces 
170°—190° + » Entire content 


From the result of the distillation it seems probable that the 
distillate is constituted of methyl! palmitate. 

The distilled ester was saponified by alcoholic potash and fatty 
acids liberated by hydrochloric acid. This was crystallised 5 times 
from absolute alcohol and the crystals gave m. p. 59° and mole- 
cular weight 263 corresponding figures for palmitic acid being 
61° and 256. The lead salt was prepared and crystallised from 
alcohol melting at 109°; lead palmitate melts at 112°. It therefore 
seems probable that the solid acid is mostly constituted of palmitic 
acid. 
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Examination of Liquid Fatfy Acid. 


The liquid fatty acid as separated by Twitchells method was 
brominated in dry ethereal solution by bromine in presence of glacial 
acetic acid. Ether insoluble bromides being filtered off, the solution 
was washed with thiosulphate solution to remove excess of bromine. 
The residue obtained after distilling off the ether, was boiled with 
petroleum ether and cooled over night in an ice chest. The separa- 
ted crystals were filtered and the mother liquior was litttle con- 
centrated, then again cooled, when a second crop of crystals was 
obtained, The process was repeated thrice when no further crystals 
appeared. Results obtained are given below. 


Bromide. M. p. Inference. 
Insoluble in ether Decomposes at 200° Octabromide 
Insoluble in ether but soluble 

in benzene Hexabromide absent 
Insoluble in petroleum ether 113° Tetrabromide 
Soluble in petroleum ether Oil Dibromide 


From the above result it is evident that clupanodonic acid, 
linoleic acid and oleic acid are present in the oil. The percentages 
of the acids as given before were calculated from the amount of 
bromides. 

Unsaponifiable matter.—The oil after saponification with caustic 
potash was extracted with petroleum ether from which its 
percentage was determined after evaporating off the solvent. The 
residue was crystallised from alcohol and crystals obtained were 
found to be those of cholesterol. 

Vitamins.—Vitamin A was tested for by antimony trichloride 
(Analyst, 1928, 68, 156). There was no coloration at first but after 
a few minutes a violet colour developed which gradually turned into 
deep red. This is considered to be good colour reaction for vitamin 
D. But the absence of blue coloration at the beginning shows the 
absence of vitamin A. Vitamin D was further examined by Shears 
test (Proc. Soc. Expt. and Biol. Medicine, 1926, 23, 546.) 
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Friedel and Crafts’ Reaction with Phenolic Acids. 


By P. C. Mirrer AND HrrENDRA CHANDRA Ray. 


Although the occurrence, in nature, of hydroxyanthraquinone 
carboxylic acids like munjisthin, rhein, pseudopurpurin etc. is by no 
means rare, very few attempts appear to have been made for the 
direct synthesis of carboxylated benzoic acids from which such 
anthraquinone carboxylic acids could be obtained by ring-closure. 
Limpricht (Annalen, 1898, 308, 274) condensed phthaly! chloride 
with hydroxybenzoic esters and obtained in the case of salicylic 
ester a benzoylbenzoic acid which he named phthalylsalicylic acid but 
he did not determine the constitution of the substance. 


We have tried to condense phthalic anhydride with diverse pheno- 
lic esters in the hope that such a reaction would give substituted 
benzoylbenzoic acids, from which anthraquinone carboxylic acids 
could be obtained. 


The condensation of salicylic ester with phthalic anhydride in 
acetylene tetrachloride medium, in presence of anhydrous aluminium 
chloride gave a product melting at 248°, identical with the phthalyl- 
salicylic acid of Limpricht (loc. cit.). Now the condensation may 
have taken place either in 0- or p-position to the hydroxyl group 
although as Ullmann and Schmidt (Ber., 1919, §2, 2098), have shown 
in the case of the condensation of phenols and phthalic anhydride 
in acetylene tetrachloride medium, condensation in 0-position to the 
hydroxyl group was more probable. 

To settle this question, several experiments were tried with 
various other hydroxy acids with the following results : 

1. From o-cresotinic acid (methyl ester), a benzoylbenzoic acid 
was obtained having properties very similar to that obtained from 
salicylic ester. 

2. p-Cresotinic ester, on similar treatment gave no reaction. 
3. p-Hydroxybenzoic ester gave no reaction. 
4. There sas also no reaction with m-hydroxybenzoic ester. 
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OH 


Oo 


(Reacts). (Reacts). (No action). 
OH 


OH 
(‘ COOH 
\Z 


COOH CH; 
(No action). (No action). 


H OH 
cooH CH; /\ COOH 


From the above it may be reasonably concluded that, under the 
conditions of the experiment, combination takes place only in p-posi- 
tion toa hydroxy! group but that no combination takes place in 
o-position to a hydroxyl or a carboxyl group. 

Having thus determined the probable position of the link bet- 
ween the two benzene nuclei, we next attempted the closingup of 
the anthraquinone ring, with (4/-hydroxy-3/-carboxybenzoy])-2-benzoic 
acid (I) as also with its methylation product but without 
success. 

The preparation of the anthraquinone via anthrone was next 
thought of and for this purpose the acid (I) as also its methyl ether 
were subjected to the action of zinc dust and hydrochloric acid in 
acetic acid solution (Bistrzycki and Krauer, Helv, Chim. Acta, 1923, 
6, 753). Several ring-closing experiments were tried with the 
reduction product but no anthraquinone was formed, the unchanged 
mother substance being obtained in every case. 

On a careful examination of the reduction product it was found 
that a lactone had resulted by the partial reduction of the -CO- group 
to a -CHOH- group. 

Reduction with zinc and caustic soda (Bistrzycki and Schepper, 
Ber., 1898, 81, 2792), and also with zinc dust and ammonia in 
presence of copper sulphate (Scholl and Neovius, Ber., 1911, 44, 
1080), yielded the same lactone. 


CH 
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EXPERIMENTAL. 


(3'-Carbory-4'-hydroxybenzoyl)-2-benzoic acid, (I).—Powdered 
phthalic anhydride (10 g.) was mixed with methyl] salicylate (10 g.) 
in a flask containing 50 c. c. of acetylene tetrachloride and finely 
powdered aluminium chloride (25 g.) gradually added to the mixture 
with frequent shaking. The flask was then heated on the water-bath 
for about 3-4 hours and finally on the oil-bath at 125° fora short time. 
The contents of the flask were then decmposed by adding ice and 
distillation in steam whereby acetylene tetrachloride and unchanged 
salicylic acid were removed. The crude acid thus obtained was dis- 
solved in soda solution, filtered and precipitated with hydrochloric 
acid and further purified as the calcium salt and reprecipitated 
with hydrochloric acid. It crystallised from acetic acid in agregates, 
m, p. 248°. (Found: C, 63°37; H, 3°44. C,,H)90, requires C, 62°94; 
H. 3°49 per cent.). The substance is identical with the phthalylsalic- 
ylic acid of Limpricht (loc. cit.). 

(3/- Carbory-4'-methoxybenzoyl)-2-benzoic acid (II).—The acid (I) 
was methylated with dimethyl sulphate and caustic soda in the usual 
manner, Agregates from acetic acid, m. p. 232°. (Found: C, 63°89; 
H 4°04. C,,H;.0¢ requires C, 64°0; H, 4°0 per cent.). 

Methyl-(3/-carbomethozry-4-hydrozybenzoyl)-2-benzoate (III).—The 
acid (I) was esterified with methy! alcohol and sulphuric acid in the 
usual manner. Rectangular plates from aqueous alcohol, m. p. 180- 
81°. (Found: C, 64°67; H, 4°46. C,;,H,,0, requires C, 64°97; H, 
4°46 per cent). - 

Methyl-(3'-carbomethozy-4'-methoxrybenzoyl)-2-benzoate (IV).— 
This was obtained by esterifying (II). Rectangular plates from 
aqueous alcohol, m. p. 105-06°. (Found: C, 65°83; H, 5°03. 
C1gH,,¢0, requires C, 65°85; H, 4°88 per cent.). 

(8/-Carboxry-4/-hydrozyphenyl)-2-phthalide (V).—The acid (I) (5g.) 
was dissolved in acetic acid (100 c. c.) and treated with extrafine zinc 
dust and after the gradual addition of hydrochloric acid (d 1 19, 10c. c.) 
heated nearly to boiling for 6 hours. The mixture was filtered 
hot and carefully diluted with hot water. The precipitate was taken 
up with dilute soda solution, filtered and acidified with hydrochloric 
acid. It crystallises in plates from aqueous alcohol, m. p. 211-12°, 
yield about 3°5 g. (Found: C, 66°26; H, 3°89. C,,; Hio O; requires 
C, 66°66; H, 3°70 per cent.). 
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(3'-Carboxy-4!-methoxyphenyl)-2-phthalide, (VI).—This was ob- 
tained by reducing (III) in the same manner as above. The phtha- 
lide melts at 164°. (Found: Eq. wt., 282; C, 67°37; H, 4°49. 
Ci, Hyg O; requires Eq. wt., 284; C, 67°60; H, 4°23 per cent.). 

(3'-Carboxy-4/-hydroxy-5/-methylbenzoyl)-2-benzoic acid, (VII).— 
It was obtained in the same way as the corresponding salicylic ester 
condensation product on using o-cresotinic acid methyl ester. Yield 
about 13 g. from 10 g. of phthalic anhydride. It crystallises in agre- 
gates from acetic acid, m. p. 258-61° (decomp.). (Found: C, 63°80; 
H, 4°04. Cg Hye Og requires C, 64°0; H, 4°0 per cent.). 

Methyl-(3'-carbomethoaxy-4!-hydrozy -5'!-methylbenzoyl)-2-benzoate, 
(VIII).—It was obtained by esterifying the above in the usual 
manner, m. p. 103-04°. (Found: C, 65°61; H, 4°98. Cy, Hig O¢ 
requires C, 65°85; H, 4°88 per cent.). 

(3'-Carboxy-4'-methoxy-5/-methylbenzoyl)-2-benzoic acid, (IX).— 
It was obtained by methylating (VII) in the usual manner. Crystals 
from acetic acid, m. p. 197-98.° (Found: C, 64°57; H, 4°51. C,;- 
Hi4 Og requires C, 64°96; H, 4°46 per cent.). 

Methyl- (3/-carbomethozy-4'-methozy -5/- methylbenzoyl)-2-benzo- 
ate, (X).—It was obtained by esterifying (IX). Crystals from 
aqueous alcohol, m. p. 90°. (Found: C, 66°46; H, 5°41. C\9H;,0¢ 
requires C, 66°66; H, 5°26 per cent.). 

(3/-Carbory-4/-hydroxy-5'- methylphenyl) -2- phthalide, (XI).—It 
was obtained by the reduction of (VII) as in the case of phthalyl- 
salicylic acid. Flakes from aqueous alcohol, m. p. 204 05°. (Found: 
C, 67°29; H, 4°46. Cy,H;.0; requires C, 67°60; H, 4°23 per 
cent.). - 

(3/-Carbory-4!-methozy-5/-methylphenyl ) -2- phthalide, (XI1I).—It 
was obtained by the reduction of (IX) with zinc dust and hydrochlo- 
ric acid in presence of acetic acid. Agregates from aqueous alcohol, 
m. p. 160°. (Found: C, 68°22; H, 4°71. C,; Hy, O; requires C, 
68°46; H, 4°70 per cent.). 

(3’-Carbomethoxy-4'-hydroxy-5/-methylphenyl)-2-phthalide,(XII1).— 
It was obtained by esterifying (XI) in the usual manner. Crystals 
from aqueous alcohol, m. p. 114-15°. (Found: C, 68°62; H, 4°89. 
C17 Hy, O05 requires C, 68°46; H. 4°70 per cent.). 
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Complex Compounds of Iridium. Part I. 


Compounds with Organic Sulphides. 
By PraruLtta CHANDRA Riy AND NADIABEHARI ADHIKARI. 


Iridium and platinum, placed as they are in the same group of 
transitional elements in the periodic table, show a remarkable simi- 
larity in their inorganic compounds as well as a gradation of proper- 
ties thereto. Though the methods of preparations are different, they 
give the same type of chlorides, e.g., iridium-monochloride, iridium 
dichloride, iridium trichloride, iridium tetrachlorde and platinum 
mono-, di-, tri-, and tetrachlorides. Of these iridium mono-and dichlo- 
rides are unstable, whereas in the case of platinum, the mono-, and 
the trichlorides are not stable; as to the formation of complexes with 
alkali chlorides, iridium tri-and tetrachlorides unite to form MgIrCl, 
and MglIrCl, respectively whereas platinum di-and tetrachlorides 
yield M,PtCl, and M,PtClg¢. 

For some years past, Ray and his co-workers, in a series of papers 
have studied the action of alkyl mono-and disulphides on chloro- 
platinic acid and potassium chlorplatinate with interesting results. 
(J. Chem. Soc., 1923, 125, 133; J. Indian Chem. Soc., 1925, 2, 
178; ibid., 1926, 3, 388; ibid., 1927, 4, 467; ibid., 1928, 6, 1389; 
Z. anorg. chem., 1929, 178, 329 ; ibid., 1930, 187, 53 ; ibid., 1931, 
198, 53; ibid, 1982, 208, 401.) The constitution of some of the 
compounds they obtained could be represented on the basis of 
Werner’s theory while those of others did not come within its pur- 
view but the authors proved beyond doubt that the latter are of com- 
plex nature and their constitution should be represented as such. A 
more recent paper by Angell, Drew and Wardlaw (J. Chem. Soc., 
1930, p. 349) has established that the isomerism found in co-ordinate 
compounds of platinum is of a structural and not of a spatial nature. 
The present investigation was undertaken with a view to explore 
the above possibilities in the iridium compounds of organic 
sulphides and to examine how far they resemble the cgrresponding 
platinum compounds. 


2 
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In this paper an account of the reaction of iridium tetrachloride 
with methyl! sulphide, ethyl sulphide and diethy! disulphide has been 
described. The following compounds have been obtained : 


(2) IrCls. 2MegS ... (6) (IrClq)g. SEtgS, 
(3) Ir,Cl,. 4Me,8 (5) Ir,Cl;. 4Et,8 


In the case of platinum, no compounds of the type (1) or (4) were 
obtained but compounds of the type (2), (3) and (5), e.g., PtCls. 
2Et,S, PtCls.2Bz28 and Pt,Cl,.4Bzg8 have been isolated. 
PtCl,.2Et,8, easily breaking up into PtCly.2Et,8 and PtCl,. 
2Et,8, was proved to be a molecular compound but the other one 
PtCl,. 2 Bz,8 resisted every attempt to break it : and was regarded 


aoe 
as an independent entity, being represented as [> ¢ 
Bz» 7 


from its various reactions. The compound (2) is almost insoluble in 
all ionising solvents, and as it could nat be split up into IrClg. 
2Me,8 and IrCl,.2Me28, it is better to represent it as a molecular 
compound IrCl;. 2 Me,S. The compounds (1) and (4) can be repre- 
sented thus 


Mets irl a [ ResSnZel 

Mes8% peer] me LB s7 2! 

the co-ordination number of iridium being six. They are non-elec- 
trolytes, as is evident from the conductivity measurement in acetone 
(vide experimental), Such trivalent platinum compounds are totally 
non-existent, 

Compounds (8) and (5) behave rather in a different manner from 
the correspouding platinum analogue Pt,Cl,. 4 Bzg8, which when 
recrystallised from hot aleohol breaks up into PtCl;.2Bz,8 and 
PtCl,. 2Bz,8. But in the present case, the compounds are very 
stable and from the methods of their preparations, it appears quite 
unlikely that their constitutions are similar to those of the corres- 
ponding platinum compounds. The compound (5) although sparingly 
soluble in aleohol and acetone, separates in well defined crystals from 
boiling alcohol, the m.p. remaining the same even after two conse- 
cutive crystallisations. 

The mode of reaction is the same as in the platinum series. 
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Irididium tetrachloride in presence of sulphides gradually loses chlo- 
rine, the reduction being more vigorous when heated in presence of 
alcohol. 


IrCl, 


IrCl;, 3R,S and IrCl,. 2 RS 


heated in alcohol 
for a long time (—C1,R2S) 


IrsCls 9° tor, 5 4R,S 


As to the constitution of IrgCl,. 8 EtgSg, it can only be stated here 
that the disulphides are stronger reducing agents than the monosul- 
phides and so in this case the reduction of iridium tetrachloride has 
proceeded a step further to iridium dichloride and it might be repre- 
sented as 2(IrCl,). 3 Et,Sg. 

Had it been possible to arrest the above reactions stage by stage, 
the course and the mode of the formation of the different products 
could be further elucidated. The compounds (1) and (2) were the 
results of carrying on the reactions entirely in cold but when the 
same reaction was conducted on water-bath, (2) could not be isolated 
from the filtrate; only (8) was obtained and also an inseparable mixture 
containing a lower percentage of iridium (43°5) than both (2) and (3) 
but much higher than that of (1) 

Iridium was estimated by slowly igniting the compound in a rose 
crucible and then reducing by hydrogen till the weight is constant 
and finally cooling the crucible in a current of carbon dioxide, This 
presented some difficulties as the compounds, (prepared from IrCl, 
supplied by Messrs. Schering-Kahlbaum) when reduced, sublimed and 
condensed in a very thin film on the lid and on the leading pipe. 
This film is insoluble in aqua regia, which, therefore, precludes the 
presence of rethenium and osmium but its weight is so small that 
it is not appreciable even after 6 or 7 operations. 

The replacements of sulphides of these compounds by amines 
and ammonia are in progress and will be the subject of the next 
communication. 


EXPERIMENTAL. 


Preparation of IrClz* 3Meg8.—To iridium tetrachloride (6g.), 





254 P. C. RAY AND N. ADHIKARI 


di-methyl-sulphide (5g.) in alcohol (about 20c.c.) was added and 
kept in closed conical flask with occasional shaking. The chloride 
dissolved completely in about 8 hours. After 24 hours the solution 
was heated under reflux on a water bath. After an hour a precipitate, 
yellow in colour, began to separate. The refluxing was stopped after 
4 hours. The yellow precipitate was mixed up with a tarry mass 
which also came out during the above process. The entire mass was 
filtered hot and the filtrate concentrated in a vacuum desiccator. The 
residue was repeatedly extracted with hot alcohol and these extracts 
on concentration yielded yellow crystals, m.p. 228-230°, which on re- 
crystallisation from warm alcohol melted at 238-39° (I); the insoluble 
residue—a grey coloured mass, was rather too small to be further 
purified for analysis. The main filtrate which was concentrated as 
indicated above, turned to a semisolid mass. It was then filtered 
under a strong suction and a crystalline substance was left behind. 
This was washed with a little alcohol and ether and finally re- 
crystallised from warm alcohol (II) m.p. 288-39° with evolution of 
Me,S but it did not break up into the metallic state as was also the 
case with the compound I. It is soluble in acetone aud sparingly so 
in cold alcohol and benzene etc. Both products (I and II) were 
analysed and found to have the same composition. (Found: 
Ir, 40°39; Cl, 21°83; C, 14°30; 8S, 20°68. IrCl,*3Meg5 requires 
Ir, 89°75; Cl, 21°93; C, 14°83; 8, 19°79 per cent.). 

Preparation of IrgCl;° 4Meg8.—The filtrate from the above was 
concentrated in vacuum to a tarry solid mass to which hot 
alcohol was added. Most of the tarry matter dissolved and 
a yellow substance was left behind. This was separated and 
the filtrate again evaporated in a vacuum, dissolved in _ hot 
alcohol. This process was repeated until the evaporated fil 
trate was completely soluble in alcohol without leaving any residue. 
The first crop and the next successive portions were found to be 
mixtures. The filtrate was then evaporated on water bath to dryness 
and the mass digested with boiling alcohol when a yellow substance 
separated out. This was refluxed with acetone on water-bath and 
filtered. The process was repeated till the acetone was almost 
colourless. It was finally washed with chloroform and ether—dried 
and analysed. It has got no m.p. and is very sparingly soluble in 
acetone, alcohol and other organic solvents. (Found: Ir, 47°90; 
Cl, 22°19; C, 11°28. IreCl,* 4Meg8 requires Ir, 47°59; Cl, 21°86; 
C, 11°88 per cent.). 
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Second method of preparation.—When IrCl,' 3Me,8 was refluxed 
with alcohol and the solution together with traces of insoluble matter 
held in suspension, evaporated to dryness on water-bath and the 
process repeated 6—7 times, almost the whole of the substance be- 
came sparingly soluble in boiling alcohol and acetone. The 
undissolved portion was then collected, washed several times with 
hot alcohol and acetone and finally with ether and dried. It has 
no m.p. but gradually decomposes when heated above 200°. (Found: 
Ir. 47°41; Cl, 22°16 per cent.). 

Preparation of IrCl," 2Me,S.—Methyl sulphide (3°3g.) in 
alcohol (20 c.c.) was added to iridium tetrachloride (4g.) and the 
vessel kept closed. After 2 days a dirty precipitate began to 
separate out and this increased gradually up tothe 4th day. To 
ensure complete reaction it was filtered off (after 7 days), the 
precipitate being digested with hot alcohol and acetone till the filtrate 
was almost colourless. The insoluble portion was too small to be 
further purified for analysis and was stored for investigation in future. 
The wash alcohol, on evaporation on water-bath to dryness, yielded 
a yellow substance, which on analysis (after purification) was found 
to be identical with the compound IrgCl,;* 4Me,S. Three crops of 
a yellow substance were successively (I, II & III) obtained when the 
main filtrate was evaporated to dryness in a vacuum and subsequent- 
ly digested with alcohol and the process thus repeated thrice. The 
alcoholic filtrate was next evaporated on water-bath to dryness 
and kept over it until the resulting black tarry mass became dull 
grey. This was lixiviated with hot alcohol when a yellow residue 
was left. It was washed with hot chloroform and alcohol to remove 
the last traces of the tarry matter. The filtrate obtained in this 
stage was too small for further investigation. The crops I and II 
were found to be impure but III and also the yellow precipitate 
obtained by evaporation on water-bath were found to be identical 
in composition. They have no sharp m.p. but decompose slowly above 
200°. (Found: Ir, 45°36, 45°08; Cl, 24:92, 24°63; 8S, 15°59. IrCl,° 
2Me<8 requires Ir, 45°57; Cl, 25°14; S 15°13 per cent.). 

Preparation of IrCl,° 3EtgS and IrgCl,* 4Et,8.—IrCl, (8 g.) and 
Et,8 (8 c.c.) in 50 c.c. alcohol were mixed together and refluxed 
for three hours. The mixture was then subjected to filtration 
when a very small amount of black residue remained behind. 
The filtrate on concentration in vacuum yielded a_ crystalline 
mass; it was collected and recrystallised from hot benzene in 
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which a very small portion—greyish white in colour—re- 
mained insoluble. It is soluble freely in benzene, chloroform and 
acetone and moderately so in alcohol and insoluble in water, m.p. 
181°. (Found:Ir, 33°58; Cl, 19°01; S,.17°14; C, 26°02. IrCl,° 
8 Et,S requires Ir, 33°86; Cl, 18°68; 8, 16°86; C, 25°28 per cent). The 
filtrate from the above on further concentration yielded a crop m.p. 
194° (not sharp) which was too small for analysis. Finally the re- 
maining tarry filtrate was evaporated to dryness on a water-bath and 
digested with alcohol, when alemon yellow substance remained 
undissolved, This was collected, washed with benzene and chloro- 
form in which it is sparingly soluble. The substance was dried and 
analysed, m.p. 207°. (Found: Ir, 42°06; Cl, 18°62; C, 19°23; 
8, 10°88. Ir,Cl;, 4 Et,S, requires Ir, 41°82; Cl, 19°23; C, 20°80; 
8, 13°86 percent). The above compound was also obtained when IrCl,, 
8 Et,8 in alcohol, was refluxed for 30-35 hours; about 60% of the 
substance changed to IrgCl," 4 Et,S. It was then washed several 
times with hot benzene and acetone. (Found: Ir, 42°33 per cent.). 


The Molar Conductivity of IrCl,°3 EtgS at Different 
Concentrations in Acetone at 25°5°. 


~ 


TaBLE I. 
Molar conc. 0°008738 0°004369 0°002184 0°001092 
Molar conductivity. 2°75 2°95 3°72 4°46 
Taste II. 
Molar conc. 0°01281 0°00640 0°00320 0°00160 
Molar conductivity. 2°59 2°77 3°02 3°36 


Preparation of  (IrClg)o'3EtgS,.—IrCl, (2g.) in alcohol 
and Et,8, (2g.) were mixed together and heated on water-bath 
under reflux. The chloride gradually dissolved and a deep red 
almost black liquid resulted. This was then evaporated on a 
water-bath with constant stirring till there was no evolution of 
hydrochloric acid. The solid tarry matter, thus obtained, was 
then triturated with alcohol when a yellow solid separated and a 
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deep red solution was left behind. The yellow substance was several 
times extracted with boiling alcohol when it almost completely dis- 
solved and an orange yellow crystalline mass was obtained from the 
filtrate on cooling. The residue was small and could not be further 
purified. The main mother liquor (the above deep red solution) on 
concentration (ist and 2nd crop) in vacuum yielded an orange 
coloured crystalline substance identical with the preceding one and 
the sueceeding crops gave anomalous analytical results. The sub- 
stances were further purified by dissolving them in chloroform and 
precipitating with ether. It does not melt but gradually decomposes 
into the metallic state above 200°. (Found: Ir, 42°74; Cl, 15°06, 
14°79; 8, 21°66, 21°3. IrgCl,’ 3 EtgSg requires Ir, 43°17; Cl, 15°83; 
§, 21°47 per cent.). 


Pair Prorgssor’s LaporaTory, 
University CoLLece or Science, CALouTta, Received April 22, 1932. 
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On the Study of Polyhalides. Part I. Formation and 
Dissociation of Polyhalides of Hydrogen. (Chloro- 
dibromide, Chloro-diiodide, Bromo-diiodide, 
Tribromide and Triiodide of Hydrogen). 


By Susi Kumar Ray, 


Jakowkin (Z, Phys. Chem. 1896, 20, 19) studied the dissociation of 
polyhalogen compounds of the type XI,;, XBrs, XClz;, XBrlI, (where 
X stands for Na, K, Li or § Ba) and also that of HI, in aqueous solu- 
tion with the aid of the distribution method. The dissociation of KI, 
and HI, in aqueous solution at different temperatures has also been 
investigated by Dawson (J. Chem. Soc., 1901, 79, 238). From a 
study of the solubility of Brg in aqueous solution of KBr, the form- 
ation of KBr, has been established by Worley (J. Chem, Soc., 1905, 
87, 1107). Jones and Hartmann (J. Amer. Eletrochem. Soc., 1916, 
30, 295) have also proved, from measurements of equilibrium bet- 
ween Br, and water as well as between Br, aad KBr solution at 0° 
that both KBr, and KBr, are formed in saturated solution. Mellor 
(J. Chem. Soc., 1901, 79, 225) has also studied the formation and 
dissociation of HCl, in squeous solution by means of the solubility 
method. From the heat of solution of Brg in hydrochloric acid, 
Berthelot (Compt. rend., 1815, 100, 761) deduced the existence of 
of the compound HCIBrg. By the spectroscopic method Job (Ann. 
Chim., 1928, x, 9, 148) has determined the dissociation constants of 
and the affinity values, for KCIBrg, KCII,. KBrI, KBr, and KI,;. A 
study of the formation and dissociation of HBr; by means of the dis- 
tribution method has been made by Lewis and Storch (J. Amer. Chem, 
Soc.. 1917, 39, 2501). Ray and Sarker (J. Chem. Soc., 1922, 124, 
1449) has also studied the formation and dissociation of the polyhali- 
des of hydrogen by the same method. They have shown that, by the 
interaction of a halogen acid (HCI or HBr) and a halogen (I, or Br,), 
compounds of the type HCIIz, HBrI,, or HClBryg are formed in 
solution. The above authors, from a calculation of the degree of 
dissociation, came to the conclusion that as the dissociation of these 
compounds increases with the diminution in the concentration of the 
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halogen acid they are incapable of independent existence in the absence 
of either the halogen acid or halogen ions. In the present paper the 
formation and dissociation of these polyhalides of hydrogen have been 
studied by the freezing point method, and the equilibrium constants 
of the reactions 


Cl- + (I, or Brg) === CII,~or CIBrg~ 
Br- + Brg =~ Br,~ 


and the heats of formation of the complexes ClIy, C1Brg and Br, have 
been calculated. It is shown that the formation of the polyha logen 
compounds like HCiIg. HCIBr,, HBr, can be definitely established 
with the aid of the freezing point method, and in the case of HBrlg, 
HBr, and HI, the complex compounds have been isolated in the 
free state. Reference may here be made to the isolation of the hydrates 
of HiBrg, HIBrCl and of HICI,, 4H,O (Cremer and Duncan, J. Chem. 
Soc., 1981, 1862-64 ; Hannay, ibid., 1473, 26, 851; Cagliote, Atti. R. 
Accad. Lincei, 1929, 9, 563). 

In the following experiments, the equilibrium constant has been 
calculated according to the formula K= + , Where K is the equi- 
librium constant ; a4, b and ¢ are respectively the concentration of 
the free halogen ions (from the dissociation of the halogen acid), 
the free halogen, and the complex polyhalide ion. The values of 
a, b and c can be found out from the following relations : 


a+c=normality of the halogen acid x its degree of dissociation, 


ee of the thiosulphate (employed for titration) x the volume required 
2 volume of solution-taken. 





b+c= 


wt. of halogen (as found out by titration) x depression actaal x 1000. 
depression theoretical x mol. wt. of halogen x volume of solution 





The degree of dissociation of the acids is calculated from their freez- 
ing points observed and calculated, compared with that for water. 
These are given as A. ,,,, and A.,), against their respective names 


in the following tables. The following expression gives the degree 
of dissociation for the acids 


a, = aactual _ 
1" Zcale, 
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Any change in the degree of dissociation of the acids by the formation 
of the complexes is neglected. It is further assumed that any com- 
plex polyhalogen acid that might be formed is dissociated electrolyti- 
cally almost to the same extent as the simple halogen acid, and 
behaves in all respects like the complex polyhalide ion. 

Applying the law of mass action, the above equaticn is obtained 
for the balanced reactions 


HCl+I, or Brg === HCIlI, or HCIBr, 
and HBr+ Brg === HBr; 
or expressed ionically 
Cl-+I, or Brg ===> CII,~ or CIBrg™ 


and Br-+ Brg ===  Br;~ 


The heat of formation of the complex polyhalide was calculated 
according to the well-known formula— 
—_ Q (cals) 


log K,—log Kg= Toes rr x 0°4343 





The degree of dissociation of the complex can be calculated from 
tual 


the ratio dg=— = 
4d cale. 


for the corresponding solutions. 


Formation and Dissociation of the Compound, HC\Brg. 


The reaction between bromine and hydrochloric azid of varying 
concentrations (V—N/16) was studied. For this purpose the hydro- 
chloric acid was shaken at the ordinary temperature with bromine 
in well stoppered glass bottles until equilibrium was established. 
25 c.c. of the bromine solution in hydrochloric acid was measured 
out from a burette direct to the freezing point tube and the freezing 
point determined. The supercooling was not allowed to exceed 0°3°, 
and the freezing was induced by the introduction of a tiny ice 
crystal. Mixture of ice and salt was used in the cooling bath, the 
temperature of which was kept about 2-3° below freezing point. 
Pure potassium iodide was then introduced into the freezing point 
tube and the amount of iodine found out by titration with \/2-thio- 
sulphate. The freezing point of the acid alone was previously 








f 


i 








262 S. K. RAY 


determined in the same way. Any volume change that might result 
from the dissolution of bromine was neglected. 

The constancy of the value of the equilibrium constant K, calcu- 
lated on the assumption that the compound HCiBrg, is formed, 
justifies the assumption. In this connection it is to be noted that 
the mean values of K for the different concentrations of the halogen 
acid appear to vary slightly (Table I). This can be easily explained 
by the fact that the freezing points of the halogen acids of different 
concentrations, and hence the temperatures at which the reaction 
is carried out, are different. Thus the value of K should naturally 
vary. It is also to be noted that the value of the equilibrium 
constant K at 30°, as found out by Ray and Sarkar (loc. cit.), is 
1°412; but at —1°535° it is 1°727. From these it is apparent that 
the reaction Cl-+ Brg === ClBr,~ is exothermic, and it is possible 
that at low temperatures the compound HC/Breg might exist in the 
free state. This assumption is also confirmed by the fact that the 
heat of reaction, calculated from the mean values of K for the two 
temperatures, has been found to be positive. 


TABLE I* 


Fomration of HCIBrg. 


Depression Depression Conc. of Brg Equi. Degree of 
actual. cale. in g. per const. K. dissocia 
25 c.c. tion ag 
N/HCl 3°655 1°858 00 
N/HC1 + Brg 0°200 0°4874 1°0492 1°874 0°4103 
0°120 0°3107 0°6686 1°836 0°3862 
0°085 0°2259 0°4864 1°852 0°3762 
0°060 0°1542 0°3319 1°708 0°3891 
Mean 1-817 
N/2-HCl 1°855 0°929 0°0 ce 
N/2-HC] + Brg 0°205 0°3531 0°7602 1°714 0°5806 
0°170 0°3004 0°6468 1°780 0°5868 
0°095 0°1732 0°3729 1°840 0°5486 
0-060 0°1033 0°2223 1°708 0°5809 
Mean 1°750 


* The freezing point data are given to the third significant place in decimals, but 
the results are accurate within +1%. The value of the equilibrium constant is not 
much affected by the uncertainty. 
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TaBLe I (contd.) 
Formation of HCIBrg. 


Depression Depression Conc. of Brg Equi. Degree of 


actual. calc. ing. per const. K.  dissocia- 
25 c.c. tion ag. 
N/4-HCl 0°92) 0°4645 0°0 
N/4-HCl + Brg 0°190 0°2592 0°5581 1°698 0°7330 
0°170 0°2312 0°4976 1°667 0°7352 
0-140 0°1921 0°4135 1°669 0°7288 
0°042 0°0595 0°1280 1°756 0°7023 
Mean 1°7(5 
N/8-HCl 0 465 0°2322 00 
N/8-HCl + Brg 07175 0°2080 0°4478 1741 0°8412 
0°157 0°1858 0°3998 1°621 0°8450 
0°095 0°1140 0°2456 1°723 0°8333 
0°060 0°0721 0°1542 1 758 0°8324 
Mean 1°699 
N/16-HCl 0°230 0°116 0°0 
N/16-HCl+Brg = 0°127 0°1414 0°3039 1°624 0°8982 
0°100 0°1106 0°2381 1°828 0°9041 
0°070 0°0794 0°1708 1°577 0°8851 
Mean 1°663 


Mean value of K=1°726 Mean temperature = —1°535° 


Ihe heat of formation was calculated between the mean value 
of K at —1°535° (i.e., 1°727), and that of K at 30° (i.e., 1°412) (Ray 
and Sarker, loc. cit.) and was found to be 1044 calories. The heat 
of formation for CIBrg (KCIBrg) as found by Job (loc. cit.) is 1000, 


Formation and Dissociation of the Compound, HClIg. 


The reaction between iodine and hydrochloric acid can only be 
studied in concentrated acid solution. Owing to the sparing 
solubility of iodine in hydrochloric acid, the reaction could not be 
studied with acids below the normal strength. In the case of hydro- 
chloric acid of higher concentrations, the freezing point was found 
to be very low; the freezing point of 2N-HCl is about —7°, that 
of 4N-HCl about —15° and soon. At these low temperatures, the 
composition of the solid separated might not be pure ice, and so 
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complications might arise. Thus the results with higher strengths 
of the acid could not be regarded as reliable. and the reaction was, 
therefore, studied only with the normal hydrochloric acid. The 
same poocedure as in the previous case was adopted, the titration 
was made with N’/20 thiosulphate. 

The mean value of the equilibrium constant K was found to be 
1°836 at —3°771°. The heat of formation was calculated between 
this value and that of K at 25°, i.e., 1°60 (Ray and Sarker, loc. cit.), 
and was found to be 762 calories. The value for the corresponding 
ion ClIg/(KCIIg) found by Job (loc. cit.) is 695. 


Taste IT. 
Formation of HCllIg. 


Depression Depression Conc. of Tg Equi. Degree of 
actual. cale. ing. per _ const. K, dissocia- 
25 c.c. tion ag 
N-HCl 3 655 1°858 00 
N-HCl +I, 0°027 0°0768 0°2517 1°894 0°3516 
0°020 0°0542 0°1842 1°797 0°3690 
0°015 0°0433 0°1471 1°818 0°3464 


Mean 1°836 


Formation and Dissociation of the Compound, HBrs. 


When the reaction was studied with hydrobromic acid and bro- © 
mine, abnormal results were obtained with normal hydrobromic acid, 
and with higher concentrations of bromine in semi-normal acid; the 
freezing points insteed of being depressed were found to be elevated. 
It was thought that this elevation was due to the separation of some 
solid with ice, whereby the concentration of the acid was diminished. 
The compound separated can not be bromine hydrate, as can be 
judged from the results of analysis, given hereafter. The formation 
of any solid hydrate of hydrobromic acid is, however, excluded, as 
the experiment was conducted at about 4°, which is considerably 
above the stability of such hydrates. Normal results were, however, 
obtained with low concentrations of bromine in hydrobromic acid of 
lower strengths (V/2 — N/16). The equilibrium constants of the 
reaction are given in Table LIT. 
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TaBLeE ITI, 
Formation of HBrs. 


Depression Depression Conc. of Brg Equi. const. Degree of 
actual. cale. in g. per K, dissociati n 
25 c.c. ay 
N-HBr 3°511 1°858 0°0 
N-HBr+ Brg —0°155 0°7649 1°646 
—O'112 0°5955 1°282 
—0°100 0°5358 1°153 
—0°105 0°5148 1°108 
N/2.HBr + Brg 1°805 0°929 00 
N/2.HBr + Brg —0°010 06690 - 1°422 
0°0 0°6141 1°322 
0°3715 0°7982 19°74 
0°1786 0°3845 21°04 
Mean 20 39 
N/4-HBr ‘ v0 én 
N/4-HBr + Bry : 0°6256 21°40 
03694 20°43 
Mean 20°91 
N/8-HBr 00 wo * 
N/8-HBr + Brg 0°6183 20°36 
0°3294 20°91 
Mean 20°63 
N/16-HBr . 0°116 0°0 
N/16-HBr + Brg 0°2463 0°5301 20°97 
0.1779 0°3827 19°28 
Mean 20°13 
Mean value of K=20°515 
Mean temperature = —0°945* 


The heat of formation was calculated between this value and 
that of K at 25°, i.e., 16°2 (Lewis and Randal, J. Amer. Chem. Soc., 
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1916, 38, 2354), and was found to be 1467 calories. This is of the 
same order as those found by other investigators as given below. 


Berthellot (Compt. Rend., 1882, 94, 1618) aiid .»» 1290 calories 
Lewis and Randal (loc. cit.) aa sai «» 1650 
Job (loc. cit.) ot aie a ..» 2030 


Preparation of HBrg crystals.—A concentrated solution of bro- 
mine in hydrobromic acid (about 1°5 N) was prepared and then allow- 
ed to freeze. The solid, separated, was filtered rapidly on the pump 
through an ice-cold filter and washed with a few drops of ice-cold 
water free from the adhering liquor. The yellow crystals mixed with 
ice was transfered quickly to a measuring flask, the solution made 
up to the mark with cold water. 50 c.c. of this solution was taken 
and the amount of free bromine estimated by titration with N/100 
thiesulphate. Sulphur dioxide was then passed through another 
50 ¢.c. to reduce the bromine to hydrobromic acid. The total bro- 
mine was then estimated as silver bromide in presence of nitric acid. 
The ratio of the weight of free bromine and combined bromine was 
calculated and found to agree with that for the compound HBr,. 


(Table LV). 
TABLE IV. 


Composition of Yellow Crystals. 


Wt. of combined Brg (a) 0°01314g. 0°01793g. 0'01946g. 0°02266g. 
Wt. of free Bre (b) 0°02797 0°08688 0°04051 0°04797 
Ratio b/a 2°128 2°056 2°081 2°117 


The ratio was found to agree closely with that calculated for the 
compound HBrs, (i.e., 2), and hence it is deduced that the compound 
found is HBrs. 

Formation of the Compound, HBrIg.—Abnormal results were 
uniformly obtained in the reaction between hydrobromic acid and 
iodine, the freezing point instead of being depressed was actually 
found to be raised. The higher the concentration of the halogen, 
the more was the elevation of the freezing point (Table V). This 
elevation of the freezing point was believed to be due to the 
separation of the compound HBrl, with ice, whereby the con- 
centration of the halogen acid diminished. With this idea in view, 
a concentrated solution of iodine in hydrobromic acid (about 1°5N 
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was preparrd and_ strongly cooled (about -—4°). The’ solid, 
(orange red crystals mixed with ice) separated, was filtered and made 
up to a definite volume as in the previous case. 50 c.c. of this solu- 
tion was measured off, and the free iodine determined with N/100 
thiosulphate. Sulphur dioxide was passed through another 50 c.c. to 
reduce the iodine to hydriodic acid. The total halogen was estimated 
as silver halides, and the amount of bromine found out by subtract- 
ing the amount of iodine previously determined. The ratio between 
the weights of iodine and bromine was found to agree with that for 
HBrI, (Table VI). 


Table V. 


Elevation actual, Depression cale. Cone. of Ig in g. 
per 25c.c. 


0°032 0°05644 0°1980 
0-020 0°03774 0°1290 
0°022 0°02584 0°08835 
0-015 0°01828 0°06247 
0°002 0°01286 0°04398 


N/2-HBr+Iq 0012 0°01936 0°06616 
0°007 0°01492 0°0510 
00 0°008 0°02735 


TasLe VI 


Composition of Orange Red Crystals. 


Wt, of Tg. Wt. of Wt. of Brg. Ratio a/b. a/b for HBrl, 
rr) AgBr + Agl. b (cale.) 


O°01478 g. 0°03752 g. 0700433 g. 3°412 
0°02051 0°05227 0°006087 3°370 
0°02505 0°06446 0°007709 


0°03007 0°07706 0°009116 
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Formation of the compound, HI,.—Abnormal results were also 
obtained in the reaction between iodine and hydriodic acid, the freez- 
ing point was always found to be raised. The solid (red crystal 
mixed. with ice) was separated and analysed as in the previous case. 
The ratio between the weights of free iodine and combined iodine 
was calculated and found to agree with that required for the com- 
pound HI, (Table VII). 


Taste VII, 
Composition of the Red Crystals. 


Wt. of I, Wt. of I, Ratio a/b. a/b for HI; 
(free) (combined) (cale.). 
a. b. 


0°01877 g. 0°008751 g. 2°144 
0°02218 0 01019 2°176 
0°03523 601750 2°013 

2°111 


Osaka (Z. Phys. Chem., 1901, 38, 748) also observed that 
a solution of iodine in hydriodic acid raises the freezing point of the 
latter. This was explained by him on the assumption that the 
affinity constant of the iodides is greater than that of the tri-iodides, 
and hence the total concentration of ions and undissociated molecules 
decreases with the addition of iodine. From this he concluded that 
Dawson’s assumption, that the affinity constants for iodides and tri- 
iodides have the same value, was wrong. From a consideration of 
the above results, however, proving the actual separation of HI, 
crystals with ice, it can now be affirmed that Osaka’s conclusion is 
obviously wrong and that of Dawson is right. 

It will be noticed from the results of analysis for HBr;, HBrI, 
and HI, that the ratio between the free and combined halogen is 
always a little high, which evidently indicates the formation of higher 
polyhalides in concentrated solutic:s. This is in agreement with the 
observation made by Jakowkin (loc. cit.). 


Summary. 


By means of the freezing point depressions, the formation of 
polyhalides of hydrogen, HClBrg, HClIg and HBr; have been con- 
firmed, and their dissociation constants determined at the freezing 
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points. From the dissociation constants at the freezing points, and 
from those at 25° or 30°, determined hy Ray and Sarker (loc. cit.) 
their heat of formation have also been calculated. The following 
table gives the values of the dissociation constants and the heat of 
formation of the compounds, 


Dissociation constant. Heat of formation. 


HCH, 0°544 762 calories 
HCIBr, 0°578 1044 
HBr; 0°049 1467 


These give a comparative idea of their relative stability, which 
appears to be in good agreement with the general chemical concep- 
tion that weak ions tend to form more stable complexes. 

It has also been possible to separate the compounds HI,;, HBr; 
and HBrlg in the solid state mixed with ice. 
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The Constitution of Marmelosin. Part I. 
By Briy Benari Lat DiksHit AND SIKHIBNUSHAN DutTT. 


In course of a previous investigation (J. Indian Chem. Soc., 
1930, 6, 759) the important medicinal plant Acgle Marmelos or the 
Indian Bel was thoroughly and completely examined from the root 
to the leaf by the present authors, who isolated from the fruit a 
colourless crystalline compound which they named ‘‘ marmelosin ’’ 
and which is most probably the active principle of the fruit, The 
present work is mainly devoted to the elucidation of the constitution 
of the substance. 

Marmelosin is present in the fruit and in no other part of the 
plant. The percentage varies from 0°03 to 0°37 according to locality 
and cultivation, the small wild varieties of the fruit containing 
proportionately speaking much less of the material than the large 
cultivated variety. The drier the climate the smaller also is the 
yield of marmelosin. Fruits obtained from Bengal and Assam have 
often been found to contain more than five times as much marmelosin 
as those obtained from the U.P. and the Panjab, for the same weight 
of the fruit. 

Marmelosin is a colourless crystalline substance with a faint 
smell reminding that of Bel. It crystallises in fine silky needles 
from petroleum ether and in large cubical crystals from alcohol. 
It is insoluble in water, but on boiling with water for a long time it 
melts to an oily liquid which on cooling again solidifies to somewhat 
greasy crystals, the substance being partially decomposed by the 
process. In ordinary saturated steam it is volatile only in traces, 
imparting to the condensed water its characteristic smell, but in 
superheated steam (200-210°) it readily volatilises with partial de- 
composition into anhydromarmelosin. When carefully heated by 
itself in a dry tube, it melts, partially carbonises, partly sublimes 
unchanged and is partly converted into the anhydride which condenses 
in the cooler parts of the tube. When quickly heated it decomposes 
completely with evolution of black fumes. Exposed to ordinary 
diffused sunlight marmelosin slowly assumes a yellow colour. In 
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strong direct sunlight marmelosin is converted into a sticky yellow 
resin in course of a week. Results of a series of analyses and deter- 
minations of the molecular weight by the cryoscopic, ebulliscopic 
and lead salt methods point to a molecular formula C;;H,;,03;. One 
of the three oxygen atoms is in an alcoholic hydroxy group since 
marmelosin forms a monoacetyl, monobenzoyl and a monopheny!- 
urethane derivative, and also it dehydrates very easily with forma- 
tion of anhydromarmelosin. It does not give any colour reaction or 
precipitate with neutral alcoholic ferric chloride, lead acetate or 
mercuric chloride. 

Although marmelosin does not react with hydroxylamine, pheny]- 
hydrazine or semicarbazide, and does not reduce Fehling’s solution 
yet it is found to reduce Tollen’s reagent somewhat slowly. In its 
behaviour towards Tollen’s reagent, it seems to resemble the a@-un- 
saturated lactones studied by Thiel (Annalen, 1901, 319, 155) and 
also more exhaustively by Jacobs and Hoffmann (J. Biol. Chem., 
1926, 67, 333). This view is confirmed by the fact that marmelosin 
develops an intense yellow colour with alcoholic caustic potash as in 
the case of the vast majority of af-unsaturated lactones, and does 
not give any colour reaction with sodium nitroprusside. Thus all the 
three oxygen atoms of marmelosin are accounted for, one in an 
alcoholic hydroxy group and two in a lactonic grouping. 

Marmelosin is unsaturated. It decolorises bromine water slowly 
and bromine in chloroform quite readily. By the action of bromine 
in alcohol or chloroform on marmelosin, a derivative was obtained 
containing three bromine atoms in the molecule. Volumetric esti- 
mation of unsaturation shows the presence of two double bonds in 
the compound and this anomalous position with regard to the above 
tribromo derivative can be explained by the assumption that in 
marmelosin the two unsaturated linkages are in a conjugated 
system. By the action of bromine, therefore, two atoms of the 
element are introduced at the extreme ends of the conjugated system 
and the third atom enters the molecule by substitution. The tetra- 
bromo derivative of marmelosin which was obtained by the action of 
a large excess of bromine in carbon tetrachloride on marmelosin, 
could not be made to solidify, 

Marmelosin readily adds on hydrogen by reduction with any 
strong acid reducing agents with formation of the dibydro derivative. 
The acetyl derivative of marmelosin could also be reduced and the 
product thus formed was found to be identical with the compound 
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obtained by simultaneous acetylation and reduction of marmelosin 


with zinc dust and acetic anhydride. 
Marmelosin is optically active, having in alcohol a dezxtro rotation 


0 ° 
of [a}) =+36° The optical activity and the deztro rotation was 
30 


preserved in all the derivatives of marmelosin that have been pre- 
pared upto this time. The substance does not show any muta- 
rotation. 

Marmelosin is readily acted upon by concentrated hydrochloric 
acid, 75 per cent. sulphuric acid, anhydrous zinc chloride and phos- 
phorus pentachloride and also by the action of heat, with elimination 
of a molecule of water and formation of anhydromarmelosin which is 
a colourless crystalline substance with a characteristic terpene like 
smell. In this formation the alcoholic hydroxy group is lost since 
anhydromarmelosin is no longer acted upon by acetylating or ben- 
zoylating agents. Anhydromarmelosin on account of its highly 
unsaturated nature soon undergoes transformation in the air 
and even in a sealed tube with formation of a sticky resinous 
substance. 

By the action of fuming nitric acid on marmelosin, a mononitro 
derivative has been obtained crystallising in yellow needles. Fuming 
hydrobromic acid under pressure converts marmelosin into the mono- 
hydrobromide with simultaneous formation of large quantities of 
anhydromarmelosin. On fusion with caustic soda or potash, 
marmelosin adds on three molecules of water with formation of a 
compound C,3;H,,0, which appears to be a hydroxy dibasic acid. 
A 8 percent. alkaline solution of potassium permanganate readily 
acts upon marmelosin with formation of the same compound together 
with traces of succinic acid. 

On distillation with zinc dust marmelosin is converted into 
anhydromarmelosin together with a number of its liquid and 
gaseous reduction and degradation products which could not be 


identified. 


EXprRIMENTAL. 


Isolation of marmelosin.—It has already been shown (Dikshit 
and Dutt, loc. cit.) that the most suitable solvent for the extraction 
of marmelosin from the dry Bel powder is petroleum ether, which 
also extracts the oil contained in the seeds of the fruit. The 
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proportion of marmelosin in the fruit differs within wide limits 
according to the locality and variety as the following table will 
show. 


Taste I, 


Origin. Marmelosin (% ). 


Wild fruit collected from the jungles of eastern and southern 

U.P. (mean of six samples) ae a «- 0°07 
Cultivated fruit from AHahabad (three anne ei -- 0°25 
Wild fruit from the Panjab ie os ~ oe 0°08 
Cultivated fruit from the Panjab on ii he Of 

(one sample each, Lihore and Delhi) 
Wild fruit from western U. P. on ss na «ws =005 

(four samples from Etawah) 
Cultivated fruit from Bengal io ot ie .» 0°32 (Cal.) 

(two samples, Calcutta and Dacca) 0°35 (Dac.) 
Cultivated fruit from Assam ove eee ah —« CF 

(one sample from Sylhet) 


To determine which particular portion of the fruit contained 
the largest proportion of marmelosin, a particular well-grown 
cultivated sample of the fruit collected locally was dissected 
and the various parts extracted with petroleum ether. The results 
are shown in Table IT, 


TaBLeE II. 


Part of the fruit. Marmelosin ( % ). 


Outer rind - oo ci Nil 
Outer layer of pulp ere pee 0°15 
Inner layer of pulp ‘ ei 0°46 
Central core with the seeds _ gum removed .. 0°08 
Seeds in eve oe 0°02 
Gum . on _ si Nil 


From the above it will appear that the greatest concentration of 
marmelosin is in the inner layer of the pulp, which is also inci- 
dently the sweetest and most eaten by people and administered in 
disease. 

For the extraction of marmelosin, the fully grown but unripe 
(ripe fruit is difficult to handle on account of its slow drying and 
fermenting propensities) cultivated fruits were broken to pieces, 
dried in the sun, ground to a fine powder in a mill and extracted 
with petroleum ether in a large Soxhlet’s extraction apparatus. 
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From the extract, the solvent was distilled off untill the 
volume was reduced to one-tenth of the original bulk and allowed to 
stand for a day when crude marmelosin crystallised out. This was 
filtered, washed with a little petroleum ether and pressed on porous 
plates until free from the adherent oil. It was then crystallised 
alternately from petroleum ether and alcohol with the addition of 
animal charcoal a number of times, until it was perfectly colourless 
and melted sharp at 103°. 

Properties.—Marmelosin has a faint smell of Bel and a slight as- 
tringent taste. It is slightly soluble in benzene and petroleum ether, 
moderately soluble in alcohol, chloroform, ethy! acetate, acetone and 
pyridine and insoluble in water. It does not reduce Febling’s solution 
but ammoniacal silver nitrate is slowly reduced. It does not give any 
coloration or precipitate with ferric chloride, lead acetate, calcium 
chloride or silver nitrate, but on warming with basic lead acetate, a 
white precipitate of the lead salt is formed. It is insoluble in dilute 
caustic soda solution (5%), but on heating it slowly dissolves with 
a brown colour. On acidification of the alkaline solution, a white 
precipitate of marmelosin comes down at once, and the mother liquor 
on standing slowly deposits another substance crystallising in brown- 
ish white needles melting at 146° and possessing the same molecular 
formula as marmelosin. On standing in contact with concentrated 
hydrochloric acid it is slowly reconverted into marmelosin. In 
all probability it is a compound with different type of lactonisation 
than marmelosin. 

Marmelosin does not contain any methoxy or ethoxy group, as 
its treatment with the Zeissel’s method of estimation of these groups 
gave negative results. 

Physiologically marmelosin is an exceedingly potent drug and 
taken in doses of 0°05 g. it acts as a laxative and diuretic with a 
slight lowering of the respiration and a tendency towards sleepiness. 
In larger doses it acts as a strong depressant for the heart. A de- 
tailed physiological examination of the substance is in progress in 
the King George’s Medical College, Lucknow. (Found: C, 72°47, 
72°20, 72°02, 71°95; H, 5°64, 5°18, 5°46, 5°70; M.W. (cryoscopic in 
benzene), 198, 202, 213; (ebulliscopic in alcohol), 208, 212, 213; 
(lead salt), 216°5. C,3H, 90, requires C, 72°2; H, 5°5 per cent, 

M. W., 216). 

Acetylmarmelosin, C,3;H,,Q,°0°COCH,;.—Marmelosin (1 g.) 

was treated with acetic anhydride (5c.c.) and fused zinc chloride 


5 
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(2 g.) and the mixture heated under reflux for 15 minutes. On pouring 
into water a heavy oil separated which gradually solidified on long 
standing. This was crystallised from dilute alcohol in colourless 
silky needles melting at 214°. (Found: C, 69°51;H,5°7. C,5- 
H,,0,4 requires C, 69°76 ; H, 5°4 per cent.). 

Benzoylmarmelosin, C,3H,,0.°0° S0CgH;.—Marmelosin (1 g.) 
was dissolved in pyridine (30 c.c.) and benzoyl chloride (8 c.c.) gradu- 
ally added with vigorous shaking. The mixture was then heated on 
the water-bath for 4 hour and poured into excess of dilute hydrochlo- 
ric acid, when a voluminous white precipitate was obtained. This 
was filtered off and digested with dilute sodium carbonate solution 
in order to remove the benzoic acid formed and the residue crys- 
tallised from acetic acid with the addition of animal charcoal in 
pale brownish white needles, m.p. 119-20°. (Found: C, 74°71 ; 
H, 5°8. Coo9H 60,4 requires C, 75°0 ; H, 50 per cent.). 

Marmelosin-phenylurethane, C,3;H,,;0,0°'NHCOC,H,.—Mar- 
melosin (lg.) was treated with phenylisocyanate (5 c.c.) and the mix- 
ture warmed on the water-bath for 1 hour. On allowing the product 
to stand at the ordinary temperature for 1 day, the phenylurethane 
derivative crystallised out which was filtered off and washed with 
benzene until the smell of phenylisocyanate had completely dis- 
appeared. The substance was then recrystallised from alcohol in 
colourless silky needles, m.p. 245°. (Found: C, 71°41; H, 5°32, 
Cgo9H;70,N requires C, 71°64 ; H, 5°07 per cent.). 

Monobromomarmelosin dibromide, C;3H, ,03 Br’ Brg.—Marmelo- 
sin (2 g.) dissolved in chloroform (120 c.c.) was treated with excess 
of bromine (4 c.c.) and the mixture allowed to stand for 4 hours in a 
dark place. It became quite warm and fumes of hydrogen bromide 
were given off. The solvent and the excess of bromine were then 
distilled off from a water-bath when a pasty semi-solid mass was 
obtained, which on standing over quick lime in a desiccator for nearly 
a month, solidified to a vitreous yellow mass. This on crystallisation 
from dilute alcohol with the addition of animal charcoal gave pale 
yellow microscopic needles, m. p. 82°, (Found: Br, 52°4. C,,H,,- 
O,Br, requires Br, 52°6 per cent.). 

The volumetric estimation of unsaturation in marmelosin was 
carried on as follows—marmelosin (0°3432 g.) was dissolved in carbon 
tetrachloride (10 c.c.) in a stoppered 250 c.c. measuring flask and 
N/3-bromine (20 c.c.) in the same solvent added and the mixture 
allowed to stand in a dark place for 24 hours. The mixture was then 
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cooled in ice and water (25 c.c.) quickly added and well shaken 
and then 10 p.c. potassium iodide solution (25 cc) with 
water (75 c.c.) introduced and the whole thoroughly agitated. The 
iodine thus liberated was titrated against N/10-sodium_ thio- 
sulphate. After titration, 2 p.c. potassium iodate (5 c.c.) was 
added and the titration repeated. Twice this value was deducted 
from the above titration value and the equivalents of bromine atoms 
taken up by the marmelosin molecule calculated, which came to 3°94. 
This means two double bonds in marmelosin. 

Nitromarmelosin, C,,;H,,0,°'NO,.—Fuming nitric acid (80 c.c.) 
was cooled to 0° in « freezing mixture and marmelosin (2 g.) gradu- 
ally added with thorough shaking. The mixture was allowed to 
stand at 0° for about 2 hours and then pieces of ice were added 
which caused the precipitation of a yellow flocculent substance. 
This was filtered and crystallised from acetic acid in golden yellow 
microscopic needles, m.p. 97°. (Found: N, 5°16. C,3;H,,0;N re- 
quires N, 5°4 per cent.). 

Dihydromarmelosin, C,,;H,,403.—Marmelosin (2 g.) was dis- 
solved in hot glacial acetic acid (100 c.c.) and the mixture treated 
with zinc dust (10 g.) in small quantities at a time. When the 
metal had nearly dissolved, the mixture was filtered hot into a large 
volume of cold water and the resultant white precipitate filtered off 
and crystallised from dilute alcohol in colourless needles, m.p. 238°. 
Unlike marmelosin this substance does not decolourise bromine water. 
(Found: C, 71°56; H, 6°62. C,3;H,,0,3 requires C, 71°56; H, 6°41 
per cent.). 

Acetyldihydromarmelosin, C,,;H,3;02°0°COCH;.—Marmelosin 
was simultaneously acetylated and reduced by heating the substance 
(2 g.) dissolved in hot acetic anhydride (50 c.c.) with slightly moist 
zine dust (10 g.) and the acetyldihydro derivative isolated in a similar 
way to the above. It crystallises from dilute alcohol in colourless 
microscopic needles, m.p. 176°. The substance is easily soluble 
in most of the organic solvents but insoluble in water. (Found: 
C, 69°5; H, 6°37. C,,;H,,0,4 requires C, 69°23 ; H, 6°15 per cent.). 

Marmelosin hydrobromide, C,;H,,0, HBr.—Marmelosin (2 g.) 
dissolved in glacial acetic acid (100 ¢.c.) was treated with fuming 
hydrobromic acid (10 c.c.) and the mixture heated under pressure 
in a tightly corked Florence flask immersed in a boiling water-bath. 
After 12 hours heating the flask was cooled and carefully opened 
and the contents poured into excess of cold water. The resultant 
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voluminous brown precipitate was filtered off and crystallised from 
dilute acetic acid with the addition of animal charcoal in brownish 
white microscopic needles, m.p. 156°. The mother liquor from the 
above on examination was found to contain comparatively large 
quantities of anhydromarmelosin. (Found: Br, 27°3. C,;H,3;0; Br 
requires Br, 26°9 per cent.). 

Anhydromarmelosin, C,;H,)903.—Finely powdered marmelosin 
(2 g.) was treated with sulphuric acid (75 p.c., 50c.c.) and the 
mixture heated on the water-bath under reflux for 12 hours. On 
dilution with water a light brown oil separated out which was 
thoroughly washed with water by decantation and then extracted 
with ether. After drying with anhydrous calcium chloride the ether 
was removed by distillation and the residual viscous oil allowed to 
stand in the vacuum desiccator for a week, when it solidified to a 
crystalline mass. This was recrystallised from petroleum ether with 
the addition of animal charcoai in colourless silky needles, m.p. 76°, 
and possessing a penetrating terpene like odour. The substance is 
easily soluble in most of the organic solvents, but insoluble in water. 
Unlike marmelosin it is readily volatile in steam and can also be 
purified in this way. (Found: C, 78°92; H, 5°8. C;,;H, Oe requires 
C, 78°78; H, 5°5 per cent.). 

Action of heat on marmelosin.—Marmelosin (2 g.) was heated 
in a small conical flask fitted with an air condenser and snspended 
in an air-bath. The temperature of the latter was raised at the rate 
of one degree per minute. Marmelosin at first melted to a colourless 
liquid which gradually passed through various shades of yellow and 
brown to almost black and evolved vapours which condensed on 
the sides of the condenser in the form of glistening crystals. 
The latter which melted at 76° was identified to be anhydromar- 
melosin, while from the black carbonaceous residue a further quantity 
was recovered by steam distillation. The residue left after this, 
on extraction with alcohol, yielded small quantities of unchanged 
marmelosin. 

Action of phosphorus pentachloride on marmelosin.—Phosphorus 
pentachloride readily acted upon marmelosin either in the solid state 
or in benzene solution with formation of anhydromarmelosin. No 
chloro derivative of marmelosin could be isolated from the reaction 
mixture. 

Fusion of marmelosin with caustic potash.—Marmelosin (5 g.), 
solid caustic potash (30 g.) and water (10 c¢.c.) were fused together 
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in a nickel crucible and the melt maintained at 140-50° for 4 hour. 
On cooling it was dissolved in water and acidified with hydrochloric 
acid. A brown precipitate was obtained which was filtered off, washed 
with water and crystallised from dilute alcohol in colourless prisms, 
m.p. 245°. The substance appears to be an aliphatic acid. (Found: 
C, 57°33; H, 6°71%). Taking it to be dibasic the molecular weight 
by the lead salt and the silver salt comes to 267°3 and 269°2 respect- 
ively. From these data the formula C,;H,,0, appears likely. 

The aqueous mother liquor from the above precipitate on extrac- 
tion with large quantities of ether and subsequent evaporation of 
the solvent yielded another substance crystallising from small 
quantity of water in colourless prisms, m.p. 98° and which was 
identified to be oxalic acid. 

Oxidation of marmelosin with potassium permanganate .—Mar- 
melosin (5 g.) in dilute caustic soda solution was treated with a 
8 p.c. aqueous solution of potassium permanganate at the ordinary 
tenaperature until the latter was no longer decolourised. The preci- 
pitated manganese dioxide was filtered off and from the filtrate on 
acidification, the same acid melting at 245°, as described above, was 
isolated in asimilar manner. The mother liquor was found to 
contain traces of succinic acid. 

Zine dust distillation of marmelosin.—Marmelosin (5 g.) on dis- 
tillation with zinc dust in the usual manner yielded a viscid yellow 
oil smelling strongly of anhydromarmelosin, and from which the 
latter was recovered in minute qu&ntities by steam distillation. 
The greater part of the oil did not solidify, nor could it be purified 
to yield any constant analytical data. Qualitative tests indicated 
it to be a mixture of hydrocarbons. During the distillation gaseous 
products were also evolved which did not condense even in a freezing 
mixture, and consisted mostly of aliphatic hydrocarbons as they 
burnt on ignition with a luminous non-sooty flame. No other 
important product could be isolated. 

One of us (B.B.L.D.) wishes to express his indebtedness to the 
Kanta Prasad Research Trust of the Allahabad University for a 
scholarship which enabled him to take part in this investigation. 


CHEMICAL LABORATORY, 
ALLAHABAD UNIVERSITY. Received May 9, 1932. 








The Stability of Coumarinic Acids Derived from §a-1 :2- 
Naphthapyrones. 


By Biman Brnart Dey, Rusucunpay Hart Ramacwanpra Rao aNnpD 
YEGNARAMA SANKARANARAYANAN. 


Although coumarinic or cis-ortho-hydroxycinnamic acids, as a 
class, are unstable, and are reconverted into coumarins when a 
solution of their alkali salts is acidified, there are a few exceptions 
recorded in literature of moderately stable coumarinic acids such 
as those derived from 8-nitrocoumarin (Miller and Kinkelin, 
Ber., 1889, 22, 1706), 3-acetyl-4:5:7-trimethylcoumarin-6 :8-dicar- 
boxylic acid diethyl ester (Jordan and Thorpe, J. Chem. Soc,, 1915, 
107, 387), 6-nitro-a8-1:2-naphthapyrone and 6-nitro-a8-1: 2-naphtha- 
pyrone-4-acetic acid (Dey, J. Chem. Soc., 1915, 107, 1606), and a few 
others, It will be noticed that in all these cases the coumarinic acid 
is stabilised by the entrance of acidic groups, e.g., nitro or carboxyl, 
the effect being most marked when the acid radicle is in position-8. 
Thus the separation of a mixture of 6-nitro-and 8-nitrocoumarins has 
been made by taking advantage of the superior stability of the cou- 
marinic acid derived from the latter (Dey and Krishnamurthi, J, 
Indian Chem, Soc., 1927, 4, 197). The entrance of alkyl groups, on 
the other hand, either in the benzene or in the pyrone rings, is found 
to produce the opposite effect (cf. Hjelt, Ber., 1894, 27, 8382 ; Fries 
and Volk, Annalen, 1911, 379, 92). 

Certain a-1:2-naphthapyrone derivatives, ¢.g., 4-methyl-8a-1 :2- 
naphthapyrone, 3-chloro-4-methyl-fa-1 :2-naphthapyrone and 8a-1 :2- 
napthapyrone-4-acetic acid (Dey, J. Chem. Soc., 1915, 107, 1618) ap- 
pear, therefore, to be quite exceptional in as such as they provide the 
only known examples of coumarins yielding stable coumarinic acids 
not withstanding the presence of alkyl groups and the absence of any 
acidic substituents in the ring. The anomaly becomes most striking 
when the behaviour of these is compared with that of the isomeric 
a8-1:2-naphthapyrones having alky! substituents in similar positions 
in the ring. The latter give only unstable cis-acids which undergo 
ring-closure, the moment they are liberated from their alkali salts, 
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The production of these stable coumarinic acids was considered at 
first to be characteristic of all Ba-naphthapyrones, but a study of this 
reaction with different members of the fa-naphthapyrone series has 
now shown that the stability of the cis-acids is apparently connected 
with the presence of an alky! group in position-4 in the pyrone ring. 
This fact was brought into prominence while the action of alkalis on 
3-bromo fa-1; 2-naphthapyrone (I) and 3-chloro-4-methy!-fa-1 :2- 
naphthapyrone (II) respectively was being investigated. They exhi- 
bited a curious difference: the former reacted normally like other 8- 
halogen substituted coumarins, and yielded the usual furan derivative 
(III) with the elimination of alkali bromide, while the latter was con- 
verted into the remarkably stable chloro-8a-naphthacoumarinic acid 
(IV) from which no elimination of alkali chloride was possible under 
the usual conditions. 


nS = Br 
| 
HC -===—-C 


| 
ae \OK  CcOOK —> 


cis-a. Bromo-8-2-hydroxy-1-naphthylacrylic acid (K-salt) (unstable). 





one 
Ho—¢ HC___C’COOH 
yr Br WA )o 


(I1J) 


trans-Acid, 8.Naphthafurancarboxylic acid. 
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Png Cl 
a ated -” bl H.0-c=0 
—_ l 
TN O boon 
OH 
“V4 
(II) (IV) 


cis-a-Chloro-8-2-hydroxy-1-naphthylerotonic acid (stable). 


The presence of a CH; group in position-4 in the pyrone ring, or 
its absence, must therefore be regarded as the only factor with which 
this remarkable difference of behaviour with alkalis is associated. 

The reaction of 3-nitro-Ba-1:2-naphthapyrone with alkalis is 
equally interesting. When the stable ‘rans-or 8-naphthacoumaric 
acid is carefully nitrated in acetic anhydride solution, a nitro group 
enter position-3 with the simultaneous closure of the pyrone ring, 
and when the nitro derivative is treated with hot alkali, the pyrone 
ring is completely ruptured and 2-napbthol-l-aldehyde obtained in a 
quantitative yield. The following equations represent the reactions 


taking place. 


COOH HNO, F igs, 
— 
a | Ac,0 CH CO xox 
| 
| i 
OH 


trans-8-2.Hydroxy-1 naphtbylacrylic acid § 3-Nitro-8a-1:2-naphthapyrone 
(stable, m.p. 165°). (m.p, 244°). 


CHO 
| oH 
( v5 +CH,'NO, + K,CO, 
| 
\WA\4 


B-Naphthol-a-aldehyde (m.p. 81°). 
6 
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It is clear, therefore, that the entrance of a nitro group makes the 
pyrone ring unstable. 

The stable 8-naphthacoumarinic acids have been assigned the cis- 
configurations on the sole evidence of the extraordinary ease with 
which they are converted into the original coumarins when (a) they 
are heated to their melting points, (b) they are crystallised from hot 
solvents like acetic acid, or (c) they are even preserved in a desicca- 
tor for several days (cf. Dey, loc. cit.). It must be noted, however, 
that hitherto all attempts to convert these stable cis-or coumarinic 
acids into their trans-isomers have been unsuccessful, although the 
other coumarins which give only unstable cis-acids have all been con- 
verted by the usual methods into the stable trans-or coumaric acids. 
A comparative study of the stabilities of the coumarinic acids derived 
from a few representative members of the fa-1:2-naphthapyrone 
family has now been made, and the results are summarised in the 
following table. 


Name. M.p. cis-Acid. trans- Acid. 
Ba-1:2-Naphthapyrone 118° Unstable. Stable, colourless needles, 
m.p. 165°. 
4.Methyl-8a-1:2-naphtha- Stable, soft Not known. 
pyrone 181° colourless plates 


with a pearly lustre, 
m.p. 146° (decomp.). 


3-Chloro-4-methy]-8a-1:2- Stable, colourless § Not known. 
naphthpyrone 135° mica like plates, 

m.p. 148° (decomp ). 
?-Nitro-4-methy]-8a-1:2- ; Stable, small Not known. 
naphthapyrone 274° yellow prisms, 

m.p. 271° (decomp.). 
Ba-1:2-Naphthapyrone.4- Stable, pale Yellow Not known. 
acetic acid 191° plates, m.p. 174° 

(decomp.). 

Ba-1:2-Naphthapyrone-3- Unstable. Stable, colourless plates, 
acetic acid 265° m.p. 79°. 
4-Methy]-8a-1:2-naphtha- Stable, colourless § Not known. 
pyrone-3-acetic acid 199° shining plates, 

m.p. 154° (decomp.). 
8-Methyl-8a-1:2-naphtha- Unstable. Stable, colourless plates, 
pyrone 158° m.p. 138°. 
3-Bromo-8a -1:2-naphtha- Unstable. Not known. Changes 
pyrone 165° into 8-naphthafuran- 

as acid, 
m.p. 192°. 
8-Nitro-8a-1:2-naphtha- Unstable. decom- 
pyrone 244° poses into 2-naph‘hol- 


l-aldehyde, m.p. 81° 
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The following conclusions may legitimately be drawn from the 
results tabulated above. 

(a) The unsubstituted Ba-1:2-naphthapyrones or those with a 
methyl or an acetic acid group in position-3 in the pyrone ring, 
behave normally and yield only unstable cis- or coumarinic acids. 


(b) Ba-1:2-Naphthapyrones having a methyl- or an acetic acid 
group in position-4, yield stable coumarinic acids, but the latter 
cannot be transformed by the usual means into the isomeric trans- 
or coumaric acids. The stability of these cis-acids is not influenced 
in any way by the introduction of another atom or group in 
position-3. 

(c) The pyrone ring is rendered unstable by the introduction of 
negative elements or groups, e.g., Cl, Br, or NO, in the 3-position, 
the latter being removed by boiling alkalis, so long as position-4 is 
unoccupied. 


The work on the influence of substituting groups other than 
alkyl, e.g., OH, NOs, COOH, etc., in position-4, on the stability 
of cis-acids derived rrom Ba-1:2-naphthapyrones alone, is in progress. 


EXPERIMENTAL, 


Ba 1:2-Naphthapyrone.—This was prepared by modifying the 
conditions described by Kauffmann (Ber., 1883, 16, 683). The yield 
was much improved and less tarry matter was associated with the 
crude product by heating the mixture in a sealed tube at a lower 
temperature (160°) for 3—4 hours. The product was washed with 
50 p.c. methanol, and the residue crystallised twice from boiling 
absolute alcohol. A maximum yield of 3°8 g. of the pure pyrone 
(m.p. 118°) was obtained from 5 g. of the naphthol-aldehyde. 

trans-8-2-Hydroxy-1-naphthylacrylic acid (8-Naphthacoumaric 
acid),—On boiling the 8-naphthapyrone with 2\-alkali for several 
hours and acidifying the clear solution, only unchanged coumarin was 
precipitated. The pyrone (1 g.) boiled with 40 p.c. caustic potash 
for 5 hours, gave 0°15 g. of the courmaric acid, m.p. 165° 
(decomp.), the remainder of the coumarin being recovered unchanged. 
(Found: Eq. wt., 215. C,3H, 90 3 requires Eq. wt., 214). 

cis-8-2-Hydroxy-1-naphthylcrotonic acid (4-Methyl-8-naphthacou- 
marinic acid) (Dey, J. Chem. Soc., 1915, 107, 1680).—The acid 
crystallised in lustrous plates on acidifying the cooled alkaline 
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filtrate. It melts sharply at 146° evolving steam and passing over 
nto the original pyrone (m.p. 180°). (Found: Eq. wt., 229°8. 
©14H)203 requires Eq. wt., 228). 

cis-a-Chloro-B 2-hydroxy-1-naphthylcrotonic acid (3-Chloro-4- 
methyl-8-naphthacoumarinic acid) (Dey, loc. cit., 1630).—The acid 
crystallised in the same way as the preceding acid, m.p. 148°, and 
passed over into the coumarin (m.p. 135°). (Found: Eq. wt., 266. 
C,,4H,,0;Cl requires Eq. wt., 262°5). 

?-Nitro-4 methyl-Ba-1 :2-naphthapyrone.—4-Methy1-8-naphthacou- 
marinic acid (1 g.) was suspended in acetic anhydride (10 c.c.) and 
the ice cold mixture treated with the calculated quantity of fuming 
nitric acid (0°25 c.c.). The solid dissolved immediately and from 
the clear orange solution, a crystalline solid slowly separated out. 
The solid was collected after 12 hours, and crystailised twice from 
hot glacial acetic acid in minute yellow needles sintering at 268° 
and melting at 273°. It is insoluble in cold sodium carbonate or 
alkalis. Analysis showed it to be a pure mononitro derivative. 
(Found: N, 5°45. C,,H,O,N requires N, 5°49 per cent.). 

' gis-8-2-Hydrozy-?-nitro-l-naphthylcrotonic  acid.—The clear 
orange-red solution by boiling the preceding nitro body with 2N- 
alkali precipitated the acid as a yellow amorphous solid on acidifica- 
tion. It dissolved in cold sodium bicarbonate and was converted at 
its melting point (271°) into the original pyrone (m.p. 273°). Ana- 
lysis gave values agreeing with those required for the free acid 
formed by rupturing the pyrone ring. (Found: N, 5°2. C,,H,,;0;N 
requires N, 5 08 per cent.). 

cis-8-2-Hydrory-1-naphthylglutaconic acid (Dey, loc. cit.).—It was 
prepared from 8-naphthapyrone-4 acetic acid as a yellow crystalline 
powder (m.p. 174°) decomposing at its melting point into the pyrone 
(m. p. 191°) and water vapour in the manner characteristic of 
coumarinic acids. The pyrone-acetic acid then loses carbon dioxide 
and forms ultimately the 4-methyl-8-naphthapyrone (m. p. 180°). 


trans-8-2-Hydroxy-1-naphthylitaconic Acid, 


7 COOH 
| 
C=C'CH,'COOH 


teéy 
| | 
VV4 
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This was prepared from f§-naphthapyrone-3 acetic acid (Dey and 
Sankaranarayan, J. Indian Chem. Soc., 1431, 8, 817) by the method 
described by Sen and Chakravarti (J. Indian Chem. Soc., 1930, 7, 247). 
The pyrone (1 g.) is dissolved in 5 p.c. caustic soda (20 c.c.), the solu- 
tion boiled for 10 minutes, diluted to 60 c. c. and red mercuric oxide 
(1 g.) added. The mixture was boiled under reflux for 1 hour, filtered 
and acidified when only an opalescent solution was obtained. This 
was extracted 4 times with ether (80 c.c.) and the ethereal layer 
separated and re-extracted with a small quantity of 2 N-caustic soda 
(15 c.c.). On acidifying the alkaline extract, the acid came down 
in tiny plates, m. p. 75-76°. Crystallisation from the minimum 
amount of hot glacial acetic acid gave colourless rectangular plates, 
m. p. 79°. (Found: Eq. wt., 142. (C,;;H;2,0;)3 requires Eq. 
wt., 136). 


cis-88-Methyl-2-hydroxy-l-naphthylitaconic Acid. 
CH; CH,'COOH 
C= coon 
OH 


WV 


This was prepared from 4-methyl-8-naphthapyrone-3-acetic acid 
(Dey and Sankaranarayan, Joc. cit.) by dissolving in 2N-caustic 
soda at room temperature and acidifying the solution after 1 hour. 
It crystallised in colourless shining plates, m. p. 154° and changing 
immediately with separation of water into the pyrone-8 acetic acid 
(m. p 199°). (Found: Eq. wt., 144. (C,;,H,,0;), requires Eq. 
wt., 148). 


- trans-8-2-Hydroxy-1-naphthylmethacrylic Acid. 
H COOH 
C=C—CH, 
OH 


OO 


VV 
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When 3-methyl-8-naphthapyrone (Bartsch, Ber,, 1903, 36, 1970) 
was boiled with 40 p.c. caustic soda for 2 hours and the clear solution 
acidified, only the unchanged material (m.p. 158°) was precipitated. 
The trans or coumaric acid was obtained only through the agency of 
mercuric oxide by the process described before. It was thrown down 
from the alkaline filtrate as a white precipitate which crystallised 
from boiling dilute acetic acid as colourless plates, m. p. 188°, 
(Found: Eq. wt., 228. C,,H,99; requires Eq. wt., 228). 

The methyl ester, prepared in the usual way, crystallised from 
methanol in clusters of colourless plates, m. p. 130°. It is insoluble 
in alkali carbonate but dissolves in caustic soda with a pale yellow 
colour. 

3-Bromo-Ba-1:2 naphthapyrone.—8-Naphthapyrone (2 g.), dissolved 
in carbon disulphide (5c. c.) was treated with a solution of_bro- 
mine (1°6 g.) in the same solvent (5 c. c.) and the mixture exposed 
in a silica flask to bright sunlight for 6 hours. The colour darkens 
on exposure. The solvent was evaporated off at ordinary tempera- 
ture when a dark red mass presumably containing the dibromide 
was left as residue. It smelt strongly of bromine and was sparingly 
soluble in alcohol, but all efforts at. getting it in a pure crystalline 
condition were fruitless. The mass (2°3 g) was suspended in me- 
thanol, treated with 2N-caustic soda (5 c. c.) and the mixture 
heated on a boiling water-bath for } hour The resulting solid crystal- 
lised from dilute alcohol in white silky needles, m.p. 165° (decomp.), 
yield 0°6 g. (Found: Br (by Stepanow’s method), 29°26. C,,H;O,Br 
requires Br, 29°06 per cent.). 

8 Naphthafurancarbozylic acid.—The bromopyrone (0°4 g.), dis- 
solved in alcohol (.0 c. c.) was treated with 30 p.c. caustic potash 
(5 c. c.) and warmed on the water-bath. The clear solution very soon 
deposited crystals of the sparingly soluble potassium salt of the furan- 
carboxylicacid. It dissolved on boiling with excess of water and 
crystallised again in fine yellow needles on cooling the solution. The 
free acid (m. p. 192°) was obtained by trituration with hpt water 
containing hydrochloric acid. (Fuund:Eq. wt., 215°3. C,,H,O, re- 
quires Eq. wt., 212). 

3-Nitro-Ba-1 :2-naphthapyrone.—Direct nitration of the pyrone ge- 
nerally resulted in a mixture from which it was difficult to isolate the 
pure mononitro derivative. The latter was obtained by nitrating 8- 
naphthacoumaric acid under precisely the same conditions as those 
employed in nitrating 4-methyl-8-naphthapyrone. It crystallised 











2 





STABILITY OF COUMARINIC ACIDS 289 


from a large volume of hot acetic acid in orange yellow needles, 
m. p. 244°. (Found: N, 5°85. C,3;H;0,N_ requires N, 5°81 
per cent.). 

The position of the nitro group was revealed by the action of hot 
alkali on the compound. On boiling the nitro body with 30 p.c. 
caustic potash for a few minutes and acidifying the clear cold solu- 
tion, a yellow oil separated which, on distilling in steam, passed over 
and condensed in the receiver as a pale yellow crystalline solid. A 
single crystallisation from dilute alcohol gave colourless needles 
melting at 81° not depressed by admixture with 2-naphthol-1-alde- 
hyde. It was also identified by conversion into the phenylhydra- 
zone. 


Presipency CoLLEeae, 
Mapras Receired May 19, 1932. 














Some Acid Constituents of Jute Fibre. 
By J. K. Coowpnury ann M. N. Mirra. 


The presence of acid substances in jute fibre may be surmised 
from the wellknown fact that in dyeing, jute behaves like a tanned 
fibre and has direct affinity for basic dyes. This surmise receives 
further support from the fact that when boiled with 12 per cent. 
hydrochloric acid, jute fibre evolves considerable amount of carbon 
dioxide, indicating the presence of acids belonging to the ‘‘ uronic ’’ 
group. The present investigations were undertaken with a view 
to isolate and identify the various acidic substances that might 
be present in jute and as a result galacturonic, glycuronic and pectic 
acids have been found present in the fibre. 

The separation and isolation of glycuronic and galacturonic acids 
are particularly difficult when they occur side by side in any sub- 
stance. Glycuronic acid has been separated by us from the major 
part of galacturonic acid by taking advantage of the easy oxidisability 
of the latter by means of air, while galacturonic acid has been 
separated from glycuronic acid through the barium salt. 

Unlike glycuronic acid, galacturonic acid could not be obtained 
in crystalline form. Both these uronic acids yielded carbon dioxide 
and furfural when treated with 12 per cent. hydrochloric acid. 
The carbonic acid and furfural values served as a means for their 
characterisation. Both reduced Fehling’s solution and responded 
to Mobhlish test. On boiling with 2°5 per cent. sulphuric acid, de- 
carboxylation took place and glycuronic acid yielded xylose while 
galacturonic acid yielded arabinose. Bromine water oxidised the 
former to saccharic acid and the latter to mucic acid. Both formed 
cinchonine salt which served as a means for their identification. 

Crude pectin extracted from jute with 5 per cent. ammonium oxal- 
ate was purified and then converted into free pectic acid by the method 
of Candlin and Schryver (Proc. Roy. Soc., 1928, B, 103, 367). 


7 
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Unlike the pectic acid from onion and citrus as obtained by the 
above workers, the pectic acid from jute was found to give colloidal 
solution with water and had, therefore, to be precipitated from its 
ammonium salt by alcohol acidulated with concentrated hydrochloric 
acid. The yield was 2°18 per cent. (calculated on delignified 
jute). 

The pectic acid, thus obtained, was avery light, absolutely 
white amorphous powder and gave insoluble salts of heavy metals. 
It became greyish black at 195-97° and melted with decomposition 
at 233-35°. It was found insoluble in almost all the usual organic 
solvents. When heated with acid and alkali decarboxylation and 
hydrolysis took place. This was evidently the reason that it could 
not be detected in the ammonium extract from which the uronic 
acids were isolated. On heating with dilute acid (‘1 N-sulphuric 
acid), hydrolysis without any decarboxylation took place but when 
boiled with 7°5 per cent. sulphuric acid, hydrolysis and decarboxyla- 
tion proceeded simultaneously and 15°81 per cent. galactose was 
found in the products of hydrolysis. 

Special mention may herebe made of the furfural value of the 
uronic acids. Nanji, Paton and Ling (J. Soc. Chem. Ind., 1925., 
44, 2537) mention 33 per cent. as the furfural value of these uronic 
acids while Norman (Biochem. J., 1929, 23, 1353) gives 16°66 per 
cent. as the furfural value of uronic anhydride. None of the investi- 
gators have, however, furnished any experimental data in support 
of these figures. The furfural value of glycuronic acid has been 
determined by us and found to be 21°84 per cent. This figure is 
in fair agreement with that of galacturonic acid (19°96 p.c.) 
determined by Ehrlich and Schubert (Ber., 1929, 62, 2012). It is 
evidently incorrect to estimate the pentoses in plant products from 
the furfural value alone, a part of which must be attributed to the 
uroninic acids. In the light of the present determination of the 
furfural value of uronic acids as 21°84 per cent., it will be seen that 
about 1/5th of the total furfural yield of jute fibre must be attributed 
to the presence of these acids and only the rest to pentosans. 


EXPERIMENTAL. 


Delignification of jute fibre was carried out by chlorine peroxide 
gas in’ large soda-lime towers with ground glass joints. The fibre was, 
however, previously boiled with 0°5 per cent. caustic soda solution 
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for 1 hour in order to facilitate the removal of lignin. The analytical 
data of the raw and delignified jute are given below. 


Raw jute. (%). Delignified jute (%). 
Lignin 12°74 Nil 
a-eeliulose 66°82 
Ash 0°605 
Fat & resin 0°585 Nil 
Farfural 11°503 10°894 (calc. on raw jute) 
Uronic acids 10°824 . 10°924 ( ,, » ?) 


Extraction with ammonium hydroxide.—The delignified fibre 
was extracted with 17 per cent. ammonium hydroxide for 6 hours 
at a stretch at 45°. The excess of ammonia was driven off from 
the brown extract at alow temperature. It was found that about 
three extractions were necessary to make the fibre free from uronic 
carbon dioxide. 

Isolation of glycuronic acid.—A portion of the extract was treated 


with basic lead acetate when a yellowish precipitate was obtained 
which was washed free from lead. This was suspended in water 


and decomposed with sulphuretted hydrogen. Considerable diffi- 
culties were experienced in removing the precipitate of lead sulphide 
owing to its colloidal nature. Precipitation was, however, facilitated 
by the addition of a little alcohol to the filtrate which had been 
previously freed from the sulphide as far as possible. The filtrate 
was decolourised with animal charcoal and concentrated under 
reduced pressure (15 mm.), a slow current of air being passed 
through a capillary during evaporation. After a time, white preci- 
pitates began to separate out and the syrup was poured in excess 
of alcohol when a white precipitate was thrown down. It was 
filtered, washed with alcohol and dried. A part cf this substance 
was found soluble in cold water giving an opalescent solution while 
the residue, crystallised from hot water, yielded crystals of mucic 
acid. The opalescence of the solution could be removed with a few 
drops of acetic acid. It was concentrated under reduced pressure 
and poured to excess of alcohol. The precipitate was further 
purified by repeated solution and precipitation and was found to 
have properties similar to those of glycogen. The alcoholic filtrate, 
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after precipitation of mucic acid and glycogen, was concentrated in 
vacuum and left in a vacuum desiccator over sulphuric acid for 
2—3 days, when white crystalline needles of glycuronic acid were 
obtained. 

The following tests served to identify and characterise the above 
mentioned products. 

Glycuronic acid melted at 159-61°. The cinchonine salt was 
prepared by adding a concentrated solution of cinchonine in 96 per 
cent. alcohol to a 2 per cent. alcoholic solution of glycuronic acid. 
Crystals were obtained on concentration and standing overnight and 
were recrystallised from alcohol, m.p. 199-200°. Glycuronic acid 
yielded 21°84 per cent. furfural as determined by the phloroglucide 
method. Nitrogen found in the cinchonine salt was 6°03 per cent. 
(theoritical, 5°74 per cent.). The acid reduced Fehling’s solution, 
turned yellow with caustic soda and responded to the Mohlish 
test with a-naphthol. Decarboxylation of the acid was effected as 
follows : 

The acid (about 1g.) was boiled with sulphuric acid (130 ¢.c., 2°5 
p. c.) for 3 hours under reflux. The excess of sulphuric acid 
was removed with powdered barium carbonate and the filtrate was 
concentrated to a syrup in vacuum. The presence of xylose in 
the syrup was established by Tollens’ Orcinol test and by means of 
Bertrand’s reagent. 

Mucic acid as obtained above melted at 214° and the silver salt 
gave Ag, 6°03 percent. The tetraacetyl derivative melted at 262- 
63°. 

Glycogen, a white amorphous powder formed an opalescent solution 
in water, the opalescence being removable by a few drops of acetic 
acid. Iodine gave a reddish brown coloration which disappeared on 
heating and reappeared on cooling. It formed insoluble precipitate 
with basic lead acetate and turned slightly yellow on prolonged 
exposure to air. Hydrolysis with dilute hydrochloric acid yielded 
glucose, which was identified by Barfoed’s and Nylander’s reagents. 

Isolation of galacturonic acid.—The delignified fibre was extract- 
ed with ammonium hydroxide (5 per cent.) under the same conditions 
as described before and the extract was freed from ammonia at a 
low temperature (45°). On the addition of barium hydroxide, 
the barium salt of glycuronic acid separated out and was washed free 
from baryta and then decomposed with sulphuric acid, the excess 
being removed with powdered barium carbonate. The filtrate was 
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coneentrated under reduced pressure. On pouring the resulting 
syrup in alcohol, a small quantity of mucic acid separated as before 
while the alcoholic filtrate yeilded traces of glycuronic acid. 

The mother liquor after separation of barium glycuronate was 
freed from excess of baryta with carbonic acid gas, was concentrated 
under reduced pressure and poured in excess of alcohol when the pale 
yellow precipitate of barium galacturonate separated out. It was 
decomposed with sulphuric acid, excess of which was removed with 
barium carbonate and the filtrate was concentrated in vacuum. 

The syrup thus obtained reduced Fehling’s solution. The cincho- 
nine salt was prepared by treating the barium salt with cinchonine 
sulphate, the filtrate being concentrated in vacuum and allowed to 
erystallise. The cinchonine salt was finally obtained in the form of 
fine white needles after recrystallisation from alcohol, m.p. 155-58°. 
Nitrogen found in the cinchonine salt was 5°97 per cent. (theoritical, 
5°74 per cent.). Decarboxylation of the acid was carried out in the 
same way as that of glycuronic acid and arabinose was detected in 
the products of hydrolysis by Tollen’s Orcinol test and was confirmed 
by means of the p-bromophenylhydrazone, m.p. 152°. 

Isolation of pectic acid.—Delignified jute was extracted with 
0°5 per cent. ammonium oxalate at 85-90° until the residual fibre was 
free from uronic carbon dioxide. The pale yellow extract was con- 
centrated to a small volume and pou red in excess of alcohol when a 
pale yellow gelatinous precipitate slowly separated out. After stand- 
ing for 24 hours, it was filtered and washed with graded strengths 
of alcohol and finally with ether. By repeated solution in water and 
precipitation with alcohol, it was obtained as an almost white gel. 
To a solution of this pectin in water, an equal volume of saturated 
lime water was added: and the mixture was allowed to stand over- 
night. The white gel of calcium pectate was treated with a warm 
solution of ammonium oxalate (2 p. c.), the precipitate of calcium 
oxalate being filtered off. The clear solution of ammonium pectate 
was then treated with a large excess of alcohol acidified with concen- 
trated hydrochloric acid and allowed to stand for 24 hours. The 
white gel of pectic acid thus obtained was washed repeatedly 
with graded strengths of alcohol, then with ether and finally dried in 
vacuum. The yield was approximately 2°2 per cent. calculated on 
delignified fibre. Analysis of this pectic acid yielded ash, 0°066 ; 
furfural, 28°1 ; uronic COg, 17°45 and Ag (silver salt), 28°4 per 
cent. 
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It may be noted that the above uronic carbon dioxide is equiva- 
lent to 69°8 per cent. uronic acid and 98°77 per cent. pectic acid 
(Nanji, Paton and Ling, loc. cit.). 

Hydrolysis of pectic acid.—The substance (about 7°5 g.). was 
treated with 1N-H,SO, (300 c.c.) under reflux for 3 hours at 125-30°. 
The excess of sulphuric acid was removed with barium carbonate and 
the filtrate, concentrated to a syrup, was poured in 20 per cent. 
alcohol. The precipitate thus separated was found to be barium 
galacturonate, while arabinose and galactose were found in the alco- 
holic filtrate. 

Hydrolysis was next conducted with 2°5 per cent. H2SO, in the 
manner described above. Inthis case only arabinose and galactose 
were found in the products of hydrolysis, galacturonic acid being 
evidently decarboxylated in the course of hydrolysis. 15°81 per cent. 
galactose was found in the pectic acid as estimated by the mucic acid 
method. It is evident that for the identification and estimation of 
galactose by oxidation to mucic acid, all traces of galacturonic acid 
must be removed. This was effected by taking advantage of the 
complete insolubility of the barium salt in 80 per cent. alcohol. 


CHEMICAL LaBoRATORY, 
Received May 9, 1932. 
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Studies in Acenaphthenone. Part II. 


Indole and Acridine Derivatives. 
By ANUKUL CHANDRA SircaR AND M. D. Rasa GopaLan. 


In the first paper in this series (J. Indian Chem. Soc., 1932, 9, 
103) the preparation of pyrilium derivatives from acenaphthenone 
has been described. The present paper deals with the preparation 
and properties of indole and acridine derivatives from acenaphthe- 
none. 

The -CH,’CO- group in acenaphthenone has now been utilised 
for the preparation of indole derivatives by following the procedure 
indicated by Robinson and Thornley (J. Chem. Soc., 1926, 129, 
8145). Acenaphthindole and N-methyl-a8-acenaphthindole have 
been prepared by condensing phenylhydrazine and unsymmetrical 
methylphenylhydrazine respectively with acenaphthenone. 


“~N\ —, AN 
—CH, —CH, 
Sei a | —> S x | - | | 


CH; CH, 


Intermediate product. 


. B 

—NH A ee .C—- cm 

oo N q | 
\n7/\4 


| 
CH; 


N-Methy] o8-acenaphthnidole. 


The condensation of aromatic o-aminoaldehydes with substances 
containing the group -CH,‘CO- to quinolines by means of dilute 
sodium hydroxide constitutes one of the important methods for the 
synthesis of such bodies (Friedlander, Ber., 1882, 15, 2573; 1883, 16, 
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1833; 1892, 25, 1752). Baeyer and Drewson (Ber., 1883, 16, 2207) 
instead of using 0-aminoaldehydes obtained quinolines by the reduc- 
tion under suitable conditions of the corresponding nitro derivatives, 


CH 
4 \ - ee: —»> rs a 
\ /xo,2H0 NH, CHO Vy 


By following the method of Friedlander (loc, cit.), pheno-af- 
acenaphthacridine (I) has now been prepared by the condensation of 


CH 
AN 


C 
ee 
ee 


(I) 


o-aminobenzaldehyde with acenaphthenone. In an attempt to 
prepare the same compound by the reduction of the conden- 
sation product of o-nitrobenzaldehyde and acenaphthenone (ef. 
Baeyer and Drewson, loc, cit.) the desired product was obtained 
only in extremely poor yield. The major portion was convert- 
ed into a red substance, and it appears that the reduction had gone 
one stage further and the corresponding dihydro derivative had 
been formed. 


EXPERIMENTAL. 


Acenaphthindole.—Acenaphthenone (1 g.) and phenylhydrazine 
(0°65 g.) were dissolved in glacial acetic acid (10 ¢.c.) and the mix- 
ture refluxed on the water-bath for about 2-3 hours. After an hour 
the solution was found to change colour from pale yellow to deep 
yellow and then to orange red and gradually fine golden yellow shin- 
ing plates began to separate. At the end of 3 hours it was found 
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that a large quantity of yellow plates had deposited. The solution 
was then diluted with 2—3 c.c. of water and again heated on a water- 
bath for about 1 hour when more crystals ‘collected. These were 
filtered and purified by recrystallisation from dilute alcohol in which 
it is fairly soluble. It forms beautiful golden yellow shining plates, 
m.p 285°. It is highly soluble in benzene, chloroform, ether, etc. It 
gives a blue coloration with concentrated sulphuric acid, and is repre- 
cipitated on dilution. Alcoholic hydrochloric acid can also effect the 
elimination of ammonia and consequent ring closure. (Found: N, 
6°12. C,,H,,N requires N, 5°8 per cent.). 

N-Methyl-a8-acenaphthindole.—Acenaphthenone (1 g.) and un- 
symmetrical methylphenylhydrazine (0°8 g.) were dissolved in acetic 
acid (10 c.c.) and refluxed on a boiling water-bath for 3-4 hours. At 
the end of about an hour the colour of the solution began to change 
from orange to deep red and on the heating being continued for some 
more time, a little of a scarlet red crystalline precipitate began to 
separate. little more acetic acid (3 c.c.) was added and the reflux- 
ing continued for another 3 hours by which time sufficient quantity of 
crystals had deposited. These were filtered and recrystallised from 
boiling acetic acid by the addition of hot water. On cooling, beauti- 
ful scarlet-red plates separated, m.p. 204°. Itis fairly soluble in 
alcohol or acetic acid and very soluble in chloroform or benzene. It 
dissolves in concentrated sulphuric acid imparting to it a dirty 
green colour. (Found: N, 5°84. C, 9H,3N requires N, 5°49 per 
cent.). 

Pheno-aB-acenaphthacridine.—Acenaphthenone (0°7 g.) and 
o-aminobenzaldehyde (0°5 g.) (prepared by Friedlander’s method, loc. 
cit.) were dissolved in the minimum quantity of absolute alcohol and 
to the cold solution a few drops of 10 per cent. alcoholic 
potash were added. The sides of the vessel on being scratched, 
golden yellow plates separated. After keeping the reaction 
mixture for an hour in a cool place, the crystals were filtered and 
washed with 40 per cent. alcohol. It was purified by dissolving in 
hot alcohol and to the solution hot water was added slowly when, at 
a particular dilution, clustres of shining golden yellow plates separated 
all on a sudden. The crystals were filtered, washed and dried, m.p. 
181°. It is soluble in benzene, chloroform or acetic acid,etc. It gives 
a straw yellow colour with concentrated sulphuric acid from which it 
is not reprecipitated on dilution. The substanee is soluble in hot 
‘concentrated hydrochloric acid from which yellow silky needles of 


8 
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the hydrochloride separate on cooling. (Found: N, 5°93. C,9H,,N 
requires N, 5°53 per cent.). 


Attempts to Prepare Pheno-aB-acenaphthacridine by the Reduc- 


tion of o-Nitrobenzilidineacenaphthenone. 


o-Nitrobenzilidineacenaphtheyone. 


/ S~co0,n/ 


mm Bea 
—_ oe 
H 


Equimolecular quantities of acenaphthenone and o-nitrobenzalde- 
hyde were dissolved in the smallest quantity of alcohol and a few 
drops of 10 per cent. alcoholic potash added. The solid product that 
separated after some time was filtered, washed with 40 per cent. 
alcohol, and dissolved in boiling alcohol followed by the addition of 
animal charcoal and filtered hot. The filtrate, on dilution with a few 
drops of water deposited on cooling deep yellow shining needles, m.p. 
157°. It is highly soluble in benzene or chloroform. It dissolves in 
concentrated sulphuric acid with a reddish violet colour. (Found: 
N, 4°73. C,9H,,03N requires N, 4°65 per cent.). 

Reduction of o-nitrobenzilidineacenaphthenone.— o-Nitrobenzilide- 
neéacenaphthenone (0°5 g.) was dissolved in hot absolute alcohol (20-25 
c.c.). When the substance had all dissolved about 1 c.c. of fuming 
hydrochloric acid was added and 0°3 g. of iron dust (reduced by 
hydrogen) was then introduced in small quantities at a time. 
Immediately a pinch of iron was added vigorous action ensued and 
the solution turned red. After the reaction had ceased and the 
solution was boiling for 10 minutes, another small quantity of iron 
was added. After some time a red precipitate began to appear and 
when all the iron had been added the mixture was kept boiling for 
another } hour. The whole operation took about 2 hours. The 
precipitate was filtered hot and washed first with water and then 
repeatedly extracted with concentrated hydrochloric acid by boiling. 
The hydrochloric acid extract on cooling separated some fine silky 
needles identified to be the hydrochloride of pheno-af-acenaphth- 
acridine. But the yield was very poor. 
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The red precipitate left after extraction with hydrochloric acid was 
dissolved in acetone and filtered from any unchanged iron or iron 
oxide. On addition of hot water to the acetone solution a brownish- 
red amorphous precipitate was obtained. It could not be crystallised 
from any solvent. It is sparingly soluble in chloroform or alcohol. 
It dissolves in concentrated sulphuric acid imparting to ita violet 
coloration. Like the dibhydroacridines it is insoluble in hydrochloric 
acid, i.e., has no basic properties. It decomposes between 236-40°. 
From its properties it is definite that the substance is not pheno- 
a8-acenaphthacridine. (Found: N, 5°58. The acridine requires N, 
5°53 and its dibydro derivative requires N, 5°49 per cent.). 

When silver nitrate was added to an alcoholic solution of the above 
reduction product (cf. Graebe and Caro, Annalen, 1871, 188, 278) the 
red colour disappeared and a pale yellow solution resulted. On filter- 
ing the precipitated silver and diluting the solution, a yellow 
substance was obtained which melted between 160-70°, though 
not sharply. The yield being poor it could not be further investigated. 
This substance might be the desired oxidation product, viz., pheno-af- 
acenaphthacridine in a very impure form. But in the absence of 
further proof no definite constitution can be asigned to the red 
reduction product. 

CuemicaL LaBoraTory, 


PRESIDENCY COLLEGE, Received April 22, 1932, 
CaLcuTra. 
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Synthesis of 2 :6-Diethyl-4-pyrone and of 2 :6-Di-n-pro- 
pyl-4-pyrone. 


By S. 8. DESHAPANDE. 


Pechmann and Neger (Annalen, 1893, 273, 186) have described 
the preparation of dehydraacetic acid and dehydrapropiony! acetic 
acid (II, R=CH, or CgH;) through dehydraacetocarboxylic acid 
and dehydrapropiony! acetocarboxylic acid respectively (I) by the 
action of corresponding acid chloride or anhydride on acetone dicar- 


boxylic acid. 
CO,H'CH,'CO'CH,'CO,H _  COgH°CH——CO’CH'CO,H 
| t-~? 
+ —_ RCO RCO — 
2R—CO—C! 
R'CO’'CH'CO——C'CO,H 
| ll 
HO,C HOC'’R 
co co 
“N “N 
R'CO'HC C’CO,H R'CO'HC CH 
— } oa | Wl 
oc CR-—-> OC CR 
V4 \4 
O O 
(I) (II)* 


In the present paper this reaction has been extended to the prepa- 
ration of the corresponding butyryl derivatives by using n-butyric 
anhydride or n butyryl chloride (R=C,H,). 

Further 2 :6-diethyl-4-pyrone (III) which from literature does not 
appear to have been prepared from Pechmann and Neger’s dehydra- 


. * Formula of Feist which has received confirmation in the hands of Rassweiler 
and Adams (J. Amer. Chem, Soc., 1924, 46, 2758). 
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propiony! acetic acid has now been successfully prepared by boiling 
the latter with fuming hydrochloric acid. 


CO CO 
“N\ , 
CsH;'CO'HC CH CO,H'C’ CH 
| ou ap I ll —> 
OC CC,H, CoH;C CCoH; 
V4 \ 
O OH OH 
CO co 
4N \ 
HC CH HC CH 
li II II II 
CgH;'C C’CgH, C,H," C’CsH, 
\ 
(III) (IV) 


(cf. preparations of corresponding dimethyl-and diphenylpyron:s, 
Collie, J. Chem. Soc., 1891, 59, 617; Feist, Ber., 1890, 28, 3726.) 

2 :6-Di-n- propyl-4-pyrone (IV) has similarly been synthesised from 
dehydra-n-butyry! acetic acid. 

The pyrones (III) and (LV) behave like dimethyl derivative in 
being weak monoacid bases, and in the inactivity of their carbonyl 
group. The pyridones corresponding to them have also been obtain- 
ed. In general 2:6-disubstituted-4-pyrones change by fission of ring 
into 1 3:5-triketones, e.g., dimethylpyrone changes into diacetyl- 
acetone (Feist, Annalen, 1890, 257, 276) and phenylmethylpyrone 
into benzoylacetylacetone (Ruhemann, J. Chem. Soc., 1908, 93,1283), 
although attempts to prepare dibenzoylacetone from diphenylpyrone 
have failed (Feist, Ber., loc. cit.; Ruhemann, loc. cit.). The pyrones 
(III) and (IV) have yielded the corresponding 1:3:5-triketones ; but 
these and the velocity of transformation of such triketones back into 
the corresponding pyrones as affected by substituents will be the sub- 
jects for future communications. 


EXPERIMENTAL. 


Dehydrapropionyl acetocarbozylic acid,(I).—Crude acetone dicar- 
boxylic acid (180 g.) was added in instalments and under constant 
stirring to propionic anhydride (500 g.) kept cool by ice-water. The 
temperature during addition was not allowed to rise above 10° and 
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the process was complete in 4 hour when most of the acid was dis- 
solved. The mass was then heated on a water-bath for } hour and 
on cooling poured into water. The precipitated acid after filtration 
and drying weighed 170 g. Pechmann and Neger (loc. cit.) do not 
mention the yield. It crystallised from dilute aleohol, m.p. 114- 
15°. 

The monopotassium salt of the acid was prepared by dissolving 
the acid in excess of aqueous caustic potash and then making strong- 
ly acid by adding acetic acid when the salt precipitated. 

Dehydrapropionyl acetic acid,{I1).—The monopotassium salt of the 
acid (I) was shaken with sufficient hot water in a flask fitted with 
water condenser and kept gently boiling for 40 minutes. On cooling 
and acidifying with acetic acid dehydrapropionyl acetic acid was pre- 
cipitated which was filtered at the pump. 140 G. of dehydrapropio- 
nyl acetocarboxylic acid gave 92 g. of dehydrapropiony! acetic acid, 
yield 80 p.c. Pechmann and Neger’s method gave a poor yield. 
The acid crystallised from dilute alcohol, m.p. 72°. 

2 :6-Diethyl-4 pyrone, (III).—A mixture of dehydrapropiony]| acetic 
acid (30 g.) and hydrochloric acid (d 1°19, 200 c.c. ) was kept gently 
boiling for 4hours. On cooling, the liquid was filtered 
and the bulk of the hydrochloric acid removed by  distilla- 
tion under reduced pressure. ‘The residual liquid was neutralised 
with cold caustic soda and extracted many times with ether. On 
drying and removing the solvent, a thin liquid remained which was 
distilled under reduced pressure when most of it passed between 136- 
38°/8 mm. On redistillation this boiled at 126°/7 mm. (Found: C, 
71:3; H, 76. CyH,,0¢ requires C, 71°0 ; H, 7°8 per cent.). 

The pyrone is a thin liquid which freezes on cooling. ‘The solid 
melis at 10°. It readily dissolves in cold water and gives no colora- 
tion with ferric chloride. It does not react with phenylhydrazine, 
nitrophenylhydrazine or semicarbazide. 

The hydrochloride was prepared in the usual way. It is an ex- 
tremely hygroscopic solid and can be crystallised from an excess 
of absolute ether from which it separates in thick prisms, m.p. 77°- 
78°. (Found: HC, 19°2. CgH;902, HCl requires HCl, 19°3 per cent.). 

The chloroplatinate is a crystalline solid, m. p. 188° (decomp.). 
[Found : Pt, 27°4. (CyH;202)e, HgPiCl, requires Pt, 27 3 per cent. }. 

The picrate crystallised from hot water in long yellow needles, 
m. p. 110°. [Found: Picric acid (by titration), 60°1. CygHy90¢, 
(,gH.(OH) (NO3), requires picric acid, 60°1 per cent. }. 
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The pyrone, like dimethylpyrone, gives with mercuric chloride a 
characteristic crystalline compound, crystallising from water in 
needles, m. p. 72° (decomp.). (Found: Hg, 47°1. CyH 209, HgCly 
requires Hg, 47-5 per cent.). 

2:6-Diethyl-4-pyridone.—A_ solution of the pyrone (8 g.) in strong 
ammonia (10 c¢.c.) was heated in a sealed tube at 130° for 4 hours. 
The contents were evaporated on a water-bath almost to dryness. The 
crude pyridone was found difficult to crystallise from any solvent. 
It was purified by crystallising twice from water in which it easily 
dissolves and from which on standing for some days it separates in 
thick plates, m. p. 65-66°. (Found: C, 63-9; H, 8-7; N, 8°6. CyHy3- 
ON, H,O requires C, 63:9; H, 8°9; N, 8-3 per cent. ). 

The hydrochloride melts at 76-78°. (Found: HCl, 17-7. CyH,3;- 
ON, HCl, H,O requires HCI, 17:7 per cent.). 

The chloroplatinate of the pyridone was prepared as usual and 
crystallised from dilute hydrochloric acid, m. p. 208° (decomp.). 
[Found : Pt, 27°3. (CpH,;ON) .H»PtCl, requires Pt, 27°3 per cent. ]. 

Dehydra-n-butyryl acetocarborylic acid, (I, R=C,;H;).—This was 
prepared from acetone dicarboxylic acid and n-butyric anhydride or 
n-butyryl chloride. The product obtained from butyryl chloride was 
purer and gave better yield than with butyric anhydride. n-Butyryl 
chloride (100 g.) was mixed with strong sulphuric acid (1°5 ¢.c.) and 
crude acetone dicarboxylic acid (30 g.) was gradually added to the 
liquid at room temperature. There was a vigorous evolution of hydro- 
chloric acid gas. After all the acid was added and the vigour of the 
reaction subsided, the semi-solid mass was gradually heated on a 
water-bath. In } hour the evolution of hydrochloric acid ceased and 
a clear red liquid was formed. On cooling this was poured on crushed 
ice and the precipitated acid filtered at the pump. The filtrate con- 
tained some thick red oil which after separation from the main bulk 
and rubbing with water gave a further crop of the acid. The acid 
crystallised from alcohol in thin light plates, m. p. 80°, yield 16 g. 
(Found: C, 58°0; H, 5-9. C,;H,,¢0¢ requires C, 58:2; H, 5-9 per 
cent.) 

The monopotassium salt of the acid crystallised from hot water in 
long needles, m. p. 164°. (Found: K, 12:1. C,3H,;0,K requires 
K, 12°6 per cent.). 


Dehydrabutyryl acetic acid, (Il, R=C;H,;).—When the mono- 
potassium salt described above was refluxed with water for 45 
minutes and the product made acid with acetic acid, dehydrabutyry! 
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acetic acid separated as an oil. This was extracted with ether, dried 
and the solvent removed. The thick liquid which remained was 
distilled under reduced pressure when practically the whole passed 
between 140-44°/4mm. and was pure enough for analysis. 14G. of 
crude dehydrabutyryl acetocarboxylic acid gave 8 g. of pure de- 
hydrabutyryl acetic acid. (Found: C, 64°3; H,7:°0. CyoHy,60, 
requires C, 64:3; H, 7-1 per cent.). 


Dehydrabutyry! acetic acid is a liquid which solidifies on cooling, 
melting at 16°. The acid is sparingly soluble in water and can be 
titrated against caustic soda with phenolphthalein as _ indicator. 
(Found: M. W. (monobasic), 223. C,,;H,,O,4 requires M. W., 224). 

2 :6-Di-n-propyl-4-pyrone, (IV).—Dehydrabutyry! acetic acid was 
refluxed with 10 volumes of hydrochloric acid (d 1-19) for 24 hours. 
On cooling a small quantity of the undissolved oil which remained 
was separated and the clear liquid was treated as in the preparation 
of diethylpyrone. The resulting liquid was distilled under reduced 
pressure when most of it passed between 140-42°/6 mm. This on 
redistillation boiled at 186°/5 mm. (Found:C, 72°9; H, 8:4. 
C,1,H,¢0¢9 requires C, 73:3; H, 8°8 per cent.). 

It is an oily liquid which does not freeze even at the temperature 
of freezing mixture. It is sparingly soluble in hot water. The hydro- 
chloride could not be prepared but it gave a picrate which crystallised 
from dilute alcohol, m. p. 61°. [Found: Picric acid, 55-9. C,,;H,¢O¢, 
C,H ,(OH)(NO,); requires picric acid, 56-0 per cent. }. 

The chloroplatinate melts at 162-64°. [Found: Pt, 25-6, 
(C,,;H,¢02)g, HePtCl, requires Pt, 25-3 per cent. J. 

Like its lower homologue the pyrone forms a characteristic com- 
pound with mercuric chloride, m. p. 88-89° (decomp.). (Found: 
Hg, 44°6. ©,,H,¢0,g, HgCl, requires Hg, 44-4 per cent.). 

2 :6-Di-n-propyl-4-pyridone.—Pure 2:6-di-n-propyl-4-pyrone was 
heated with strong ammonia in a sealed tube at 140° for 4 hours. 
On cooling the crystalline solid was filtered and recrystallised from 
hot water in long needles, m.p. 62°. This proved, as in the case of 
lower homologue, the hydrate of the pyridone. (Found: C, 66-6; 
H, 9-5; N, 6-7. C,,H,;ON, H,O requires C, 67:0; H, 9°6; N, 7:1 
per cent.). 

The anhydrous pyridone was obtained by repeatedly extracting 
the hydrated pyridone with chloroform, and distilling under reduced 
pressure the resulting liquid left after removal of the solvent. It 

boiled between 210-15°/12 mm. The distillate solidified on cooling 
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and melted indefinitely between 85-88°. The purification of the an- 
hydrous pyridone was met with same difficulties as in the case of its 
lower homologue. 

The hydrochloride prepared in the usual way melts at 
6-98°. (Found: HCl, 15°7. C,,H,;ON, HCl, H,O requires HCl, 
15°6 per cent.). 

The chlorplatinate melted at 204°. [Found: Pt, 25°4. (C,,Hy-- 
ON) 9, HgPtCl, requires Pt, 25°4 per cent. }. 

The author wishes to express his gratitude to the Holkar Govern- 
ment for providing facilities for work and to thank Mr. R. K. 
Aurangabadkar, M.8c., for his valuable assistance. 


CHemicaL LaporRatory, 
Hotkar Coiiece, Inpore, (. I Received January, 30, 1932. 














A General Synthesis of a-Unsaturated Acids from 
Malonic Acid. Part II.* 


By MowonLaL DaLaL AND SIKHIBHUSHAN DutTT. 


Malonic acid has previously been condensed with aliphatic and 
aromatic aldehydes in presence of glacial acetic acid or acetic an- 
hydride with formation of alkylidene or arylidene malonic acids by 
various workers such as Stuart (J. Chem. Soc., 1883, 48, 403; 18€6, 
49, 357). Kommenos (Annalen, 1883, 218, 145) and Einhorn and 
Gebrenbeck (Annalen, 1889, 253, 374). Riedel (Annalen, 1908, 361, 
89)was the first to use pyridine as the condensing agent instead of 
acetic acid or anhydride, and instead of getting alkylidene or ary- 
lidene malonic acids, he obtained the corresponding derivatives of 
crotonic or cinnamic acid with loss of carbon dioxide. 

In 1925, Dutt (loc. cit.) showed that malonic acid condensed very 
easily with aliphatic and aromatic aldehydes in presence of small 
quantities of pyridine and piperidine. It was also found that the 
reaction took place in presence of pyridine alone, but the addition of 
small quantities of piperidine greatly accelerated the reaction, pro- 
ducing a-unsaturated monocarboxylic acids in excellent yields in most 
of the cases, with rapid loss of carbon dioxide. A large number of 
aliphatic and aromatic aldehydes were condensed in this way and the 
corresponding a-unsaturated monocarboxylic acids obtained. 

On account of the interesting nature of the reaction, it was 
thought advisable by the present authors to study it in detail and 
also from the quantitative point of view. Consequently a systematic 
procedure was adopted. In course of these investigations it was 
found that the reaction was essentially a catalytic one, as without 
the presence of a condensing agent an aldehyde of the type of benzal- 
dehyde condensed with malonic acid with only partial formation of 
benzylidene malonic acid. Not even the slightest trace of carbon 
dioxide was evolved. It was also found that the quantity of the 
catalyst had a decided influence on the vigour of the reaction and the 


* Part I of this investigation has been published in J. Indian Chem. Soc., 
1924-1925, 1, 297. 
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consequent yield of the reaction product, the best case being arrived 
at when the catalyst was present in the ratio of one molecule to one 
molecule of malonic acid. Defficiency and excess of the catalyst 
both seemed to diminish the yield, the former by bringing about a 
weak reaction and the latter by producing undesirable by-products. 
It was also found that meta and para compounds condensed with 
malonic acid giving much better yields than ortho compounds. 


Organic bases of widely varying type have been used in bringing 
about condensation between malonic acid and aldehydes. As a 
matter of fact it has been found that practically every kind of 
secondary and tertiary base (primary bases cannot be used as they 
themselves condense with aldehydes wi‘h formation of anhydro bases) 
can be used in this reaction as a catalytic agent. Some of the terti- 
ary bases used in course of this investigation (e¢.g., dimethylaniline, 
diethylaniline, methylbenzylaniline, ethylbenzylaniline and quinal- 
dine) formed simultaneous by-products (colour bases, etc.) along with 
cinnamic acid when benzaldehyde was used as one of the constituents 
of the reaction. Nevertheless, the formation of a-unsaturated acid 
took place inspite of the formation of large quantities of by-products. 

In course of this investigation it has also been found that it is 
not absolutely essential to add the catalyst in the form of the free 
base to the reaction mixture. It can also be added in inorganic or 
organic acid combination. When it is in the form of an organic acid 
salt, the reaction takes place in the same way as if it were in the 
form of a free base, but when added in the form of an inorganic acid 
salt, the reaction is some what retarded and a higher temperature 
becomes necessary for the completion of the reaction (vide Table IV). 

This investigation with widely varying types of bases was carried 
out in order to determine whether there was a base which could con- 
dense malonic acid with an aldehyde to a quantitative yield of the 
reaction product. This expectation has been realised in actual 
practice. The best yield was obtained in the case of lutidine which 
came to the theoretical. In the cases of other pyridine derivatives 
the yield varied between 76 and 99 per cent., whereas quinoline and 
its derivatives gave yields varying between 60 and 93°7 per cent. 
Baton the other hand acridine gave only 12°2 percent. In the 
cass of quinaldine and 9-methylacridine the yield was abnormally 
reduced (23°8 per cent. and 1‘5 per cent. respectively) on account of 
the formation of large quantities of yellow by-products (colouring 


matters). 
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Although it may be said in general that the stronger the basic 
character of a base, the greater is the yield of the unsaturated acid 
obtained by using it as a condensing agent, yet the exceptions are so 
numerous that such a conclusion cannot be taken with any degree 
of rigidity. 

The following secondary and tertiary bases have been used as 
catalytic agents with success in the condensation of benzaldehyde 
with malonic acid: quinoline, isoquinoline, quinaldine, a-naphtho- 
quinoline, §8-naphthoquinoline, phenanthroline, acridine, 9-methy|- 
acridine, pyridine, a-picoline, lutidine, collidine, piperidine, dimethy!- 
aniline, diethylaniline, methylbenzylaniline and ethylbenzylaniline. 

The following aliphatic and aromatic aldehydes have been con- 
densed with malonic acid under optimum conditions using quinoline 
as the condensing agent: benzaldehyde. o-,m-, and p-nitrobenzal- 
dehyde, o-chlorobenzaldehyde, m-, and p-hydroxybenzaldehyde, 
vanillin, p-dimethylaminobenzaldehyde, p-tolualdehyde, veratral- 
dehyde, piperonal, anisaldehyde, furfurol, citral, citronellal, cinna- 
maldehyde, paraldehyde, propaldehyde, isobutyraldehyde and iso- 
valeraldehyde. 


EXPERIMENTAL, 


Condensation of Benzaldehyde with Malonic Acid in presence of 
Quinoline. 


Ten different flasks fitted with air condensers and each con- 
taining benzaldehyde (6 g ) and malonic acid (6 g.) were treated with 
quinoline a3 follows: first flask 1 c.c., second flask 2.c.c. and so on. 
The flasks were then put ina large water-bath and its temperature 
raised slowly. At about 50°, the contents of the flasks which had 
already solidified melted slowly and the evolution of carbon dioxide 
was noticeable at about 60°. The temperature of the water-bath 
was maintained at 80-85° and each flask was taken out of the bath 
as soon as the evolution of carbon dioxide was complet2. The contents 
of the flasks were traated individually with dilute hydrochloric acid 
and then submitted to steam distillation in order to remove any un- 
changed benzaldehyde. The residual cinnamic acid which crystal- 
lised out on coolling was filtered off, washed with cold water, dried 
and weighed. The mother liquor also was treated to recover more 
of the product. The results are summarised in Table I. 


2 
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TaBLE I. 


Quinoline Durationof Yield Yield | Quinoline Duration of Yield Yield 
added. heating at 80°. ing. (%). | “added. heating at 80°. ing. (%), 


1 c.c. 10 br. 4°6 54°8 | 6 c.c. 6 hr. 60 71°4 
2 9 4°97 8 59°2 | 7 6 5°67 67° 
8 9 6°17 73°4 | 8 6 5°55 66°07 
+ 9 67 80°0 9 5 5°32 63°83 
5 6 61 72°7 10 5 4°54 54°0 


Condensation of o-Nitrobenzaldehyde with Malonic Acid in presence 
of Quinoline. 


o-Nitrobenzaldehyde (4°5 g.) and malonic acid (3 g.) were con- 
densed together in presence of quinoline in a manner similar to the 
above. The results are summarised in Table IT. 


TaBe IJ. 


Quinoline Duration of Yield Yield | Quinoline Durationof Yield Yield 
added. heating at 80°. ing. (%) added. heating at 80°. ing. (%). 


1 ce, 10 br. 216 381 | Gee. 6 br. 975 «(17°28 
2 y 52 444 | 7 6 % 169 
8 9 218 384 | 8 6 6 86 16°9 
4 9 1°57 27°7 | 9 5 % 169 
5 6 1:32 23°98! 10 5 86002 «1517 


The condensations of malonic acid with other aldehydes were 
carried on in similar manner using the most suitable quantities of 
quinoline (1 mol. of the aldehyde to 1 mol. of quinoline) in order to 
get the best possible yield. The results are summarised in Table ITI. 
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Name of the aldehyde 
condensed. 

Benzaldebyde 
o-Nitrobenzaldehyde 
m-Nitro- * 
p-Nitro- 9 
o-Chloro- o 
p-Hydroxy- ., 
m.Hydrozy- ,, 
Vanillin 


p-Dimetbylamino- 
benzaldehyde 


p-Tolualdehyde 
Anisaldehyde 
Veratraldehyde 
Piperonal 
Furfurol 
Citronellal 
Citral 
Cinnamaldehyde 
Paraldehyde 
Propionaldehyde 
isoButyraldehy de 
isoValaraldehyde 


Benzaldehyde was then condensed with malonic acid using the 
most suitable quantities (1 mol. of the aldehyde to 1 mol. of the 
base) of various organic bases as condensing agents. 
summarised in Table IV. , 


TaBie III 


Product, 


Cinnamic acid 

o-Nitrocinnamic acid 
m. Nitro ” ” 
p-Nitro- ¥ os 
oChloro- __,, ” 
p-Hydroxy- ,, - 
m-Hydroxy- ,, ” 
Ferulic m 


p-Dimetbylamino- 
cinnamic acid 


p Methylcinnamic acid 
p-Methoxy-_ ,, ” 
Dimethylcaffeic ” 
Piperonalacrylic 
Furfuracrylic % 
Citronellal-acrylic _,, 
Citralidenemalonic ,, 
Cionamylidene- ,, ,, 
Crotonic acid 
Ethylacrylic acid 
isoPropylacrylic acid 


isoButylacrylic acid 


A GENERAL SYNTHESIS OF @-UNSATURATED ACIDS 


Time taken for 
the reaction to 
complete. 


7 hr. 
] 

5 

8 

10 
10 






Yield (%). 


80'0 
44°4 
82% 
75*0 
711 
10°6 
70°0 
50°3 
€8°8 


69°9 
72°3 
69°5 
60°9 
66°4 
37°8 
74°2 
76°5 
40°5 
768 
38°5 
40°4 


The results are 
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Condensing agent. 


Quinoline 
isoQuinoline 
Quinaldine 

a- Naphthoquinoline 
e “\ 
Phenanthroline 
Acridine 
9.Methylacridine 
Pyridine 
a-Picoline 
Lutidine 
Collidine 
Piperidine 


Piperidine hydrochloride 


Dimetbyaniline 
Diethylaniline 
Methylbenzylaniline 
Etbylbenzylaniline 


TABLE IV. 
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Optimum temperature Time taken for the 


of the reaction. 
80° 
65° 
80° 
80° 
90° 
65° 
100° 
97° 
85° 
70° 
65° 


reaction to complete. 


hr. 


common wo RB 


10 


or 


24 


oa fo 


10 
10 





Yield (%). 


80°0 
g1°4 
23°8 
72°0 
60°0 
93°7 
12°2 
1°5 
76°1 
99°1 
100°0 
80°2 
90°0 
55°2 
31'1 
25°2 
30°2 
32°2 


When no condensing agent was used, benzaldehyde condensed 
with malonic acid at 100° with formation of only benzylidene malonic 
acid, and the best yield that was obtained in course of ten experi- 
ments was 57°3 p. c. of the theoretical, by 6 hours heating. Not even 
the slightest trace of carbon dioxide was evolved at any time during 


these experiments. 


Raising the temperature of the reaction to even 


180° did not produce any evolution of carbon dioxide or formation of 


cinnamic acid. 


CHemicaL LasoRaTorRy, 
ALLAHABAD UNIVERSITY, 


Received May 19, 1932. 














Preparation and Properties of Highly Concentrated 
Sols. Part I. 


By R. N. Mirrra ann N. R. Duar. 


In publications from these laboratories (Dhar and Gore, J. Indian 
Chem., Soc., 1929, 6, 31, 641) it has been shown that the properties 
of colloids depend considerably on their purity. Our experimental 
results obtained with sols of ferric, stannic, ceric, chromic, alumini- 
vm, zirconium and thorium hydroxides of different degrees of purity 
show that the viscosities of these sols increase steadily with their 
purity even when their concentrations are practically constant. 
When these hydroxide sols are very pure and unstable and when the 
amount of adsorbed electrolyte is very small, their viscosities are 
enormously increased. 

On the other hand, we have shown that highly purified sols of 
ferric, chromic, stannic, zirconium and other hydroxides become less 
viscous when their electric charge and stability are increased by 
the addition of the peptising electrolyte. Hence it appears that the 
increased purity of the sols is associated with greater hydration and 
viscosity. 

The concentrations of the pure sols investigated were not high, 
because when the sols are highly concentrated, they are partially or 
completely coagulated on attempting to purify them. 

We have undertaken a systematic research with the object 
of preparing highly concentrated sols in as pure a condition as 
possible. We have also investigated the properties of these 
concentrated sols. In this communication we are submitting some 
of our results with the hydroxide sols of iron, aluminium and 
chromium. 


Ferric Hydroxide Sol. 


In order to prepare a concentrated sol of ferric hydroxide, most 
of the methods of preparing it were investigated. It was found that 
the maximum concentration of the sol obtainable by the method of 
adding ferric chloride solution to boiling water and subsequent 
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dialysis was only 18 g. of ferric oxide per litre. The concentration 
of the sol obtainable by the addition of ammonium carbonate solution 
to ferric chloride solution was not also high. It was observed that 
the most concentrated sol was obtained by following the method of 
Pean de St. Gilles. A precipitate of ferric hydroxide was obtained 
by adding ammonium hydroxide to a cold solution of ferric chloride. 
It was carefully washed, freed from chloride and peptised by a 
minimum quantity of acetic acid. The sol thus obtained was con- 
centrated and purified by boiling until a small amount of precipitate 
was formed on the top. The sol was further purified by subjecting 
it to hot dialysis. The concentration of the sol was determined by 
evaporating a definite volume of the sol in a platinum crucible and 
weighing it as ferric oxide after ignition. It order to determine 
the purity of the sol, a definite volume of the sol was coagulated by 
potassium sulphate, and the ferric hydroxide particles were filtered 
and carefully washed, and the acetic acid in the filtrate was esti- 
mated by a standard alkali. We have always expressed the purity 
of a sol by the ratio Fe.Q; / acetic acid obtained from the same 
volume of the sol, both the concentrations being expressed in 
g. moles per litre. The following are the experimental results. 


Taste I. 


Concentration and purity. 


Undialysed sol. Dialysed sol. 
Fe Oy (g. per litre) ie 70°2 81 
Acetic acid ,, il 1°97 0°96 
Purity sia 13°37 31°64 
TaBLeE II. 


The Coagulation time. 


Sol taken each time=1c¢.c. Total volume=20c¢.c. Time=1 hr. 


Undialysed sol Dialysed sol 
Electrolyte. 
Amount. Ppt. conc. Amount. Ppt. conc. 
KCl M/3 5°8 c.c. 0°0976 M M/3 1°75 c.c. 0°029 M 
KS, M/30 = =0°855 00014 M/30 0°4125 0°0009 
K3Fe(CN)¢ M/1209 9°9 0°0004 M/i200 59 0°000242 


K,Fe(CN),  _M/2800 4°1 0°00007 M;2800 27 0°090048 
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The ratio of the precipitation values of mono-, bi-, tri-, and 
quadrivalent ions is 1394: 20°7: 6: 1 in the case of the undialysed 
and 604: 14°5: 5: 1 in the case of the dialysed sol. 


TaB.e III. 
Dialysed sol, 


Sol taken each time=0'5 c.c. Total volume=20c¢.c. Time=1 br. 


Electrolyte. Amount. Ppt. Conc. 
KCl M/3 2°58 c.c. 0°043 M 
K380, M/30 0°255 0°000425 
K3Fe(CN)¢ M/1200 4°1 0°00017 
K,Fe(CN)g M/2800 1°9 0°000032 
TaBLe IV. 
Viscosity. 
Cone. Viscosity of un- Density of Viscosity of Density of 
(Sol) dialysed sol. undialysed sol. dialysed sol. dialysed sol. 
Sol A (original) 48 1°067 2036 1-070 
Sol A/2 - = 23°8 1050 
Bol A/4 eee one 5°2 1°032 
Sol A/8 vee o00 215 1020 
Sol A/16 eve - 1°37 1°008 
Water vs ie 1°00 


The viscosity of the dialysed sol at first changes with time and 
then becomes constant. The viscosity results recorded are those 
obtained when the viscosities become constant. In the case of sol 
A/2 the time taken for the flow of 7 c.c. of sol decreased from 1 min, 
18 sec. to 1 min. 8 sec. and the time taken for the same volume of 
water is 3 sec. only and for sol A/4, the time of fall decreased 
from 8 min. 30sec. to 7min. 675 sec., the time taken for 
the same volume of water being 1 min, 35 sec. The viscosity was 
determined at 20° by an Ostwald viscometer. In the case of the 
highly concentrated sols the diameter of the capillary tube used. was 
much greater than that ofthe tube used for the less concentrated sols, 
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Aluminium Hydrozide Sol. 


In preparing a concentrated sol of aluminium hydroxide, the 
freshly precipitated and well washed aluminium hydroxide was 
peptised by the minimum quantity of acetic acid. It was slightly 
warmed on a water-bath until the sol was clear. This was then 
subjected to hot dialysis. The concentration and purity were deter- 
mined as in the case of ferric hydroxide sol. 


TABLE V. 


Concentration and purity. 


Undialysed sol. Dialysed sol. 
AlgO3 (g. per litre) see 53°6 38°4 
Acetic acid ,. on 26°42 17°4 
Purity res 1°193 1°298 
TaBLe VI. 


Coagulation. 


Sol taken each time=0'5 c.c. Total volume=10¢.c. Time=1 hr. 


Undialysed. Dialysed. ‘ 
Electrolyte. Amount. Ppt. conc. Amount. Ppt. conc. 
KCl 347M 41lec. 142M 347M = l5e.c. 0°5205 M 
K,80, M/30 17 0°0056 M/30 0°55 0°0018 
K3Fe(CN)g M/150 3°7 0°0025 M/150 18 0°00086 
K,yFe(CN)¢ M/240 4°7 0°0019 M/240 «(17 0°0007 


Ratio of the precipitating values of the above four electrolytes in 
molar concentration is 747:2°94:1°3:1 with undialysed sol and 
743°5 :2°5:1°2:1 with dialysed sol. 


Taste VII. 
Sol taken each time=0°25 ¢.c. Total volume=10c¢.c. Time=ILhr. 
Electrolyte. Amount. Ppt. cone. 
K¢l 3°47 M 1°9 c.c. 0°6593 
K380, M/30 0°35 0700116 
K3Fe(CN)¢ M/150 0°6 0°00042 


K,Fe(CN), M/240 0°85 0°00035 
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TaB.eE VIII. 


Viscosity. 
Cone. Viscosity of Density of Viscosity of Density of 
(Sol) undialysed sol. undialysed sol. dialysed sol. dialysed sol. 
Sol A 7°31 1°058 98°1 1°03 
A/2 2°427 1°020 8°72 101 
A/4 1°587 112 2°54 1°004 
A/8 1°262 1°02 1°52 
A/16 1°103 ae 1°25 


With the concentrated sols of aluminium hydroxide, at first the 
viscosity changes with time and then becomes constant. 


Chromic Hydrozide Sol. 


As in the case of the other two, peptisation with acetic acid was 
tried but it did not give satisfactory result, because when the sol was 
subjected to hot dialysis even in a collodion bag, hardly anything was 
left in the bag. 

Another method was adopted in which a concentrated solution of 
chromic chloride was boiled and ammonium carbonate solution was 
added gradually till a slight amount of precipitate formed. It was 
then subjected to continuous hot dialysis, the temperature being 
kept at 70°-80°. 


TaBLe IX. 


Concentration and purity. 


Dialysed for 3 hrs. Dialysed for 22 brs. 
Crq03 (g. per litre) ob 109 127 
cl on - 32°8 19°8 
Purity one 0°774 1°496 
TABLE X. 
Coagulation, 


Sol taken=0°5 c.c. Total volume=20c.c. Time=1 hr. 


Dialysed sol I. Dialysed sol IT. 
Electrolyte. Amount. Ppt. conc. Amount. Ppt. conc. 
KIO; M/3 O'75c.c. 00125 M M/3 O0°45c.c. 00075 M 
K,80, M/30 5°3 0°0088 M/30 3°3 0°0055 
K3Fe(CN), M/60 5°75 0°0048 M/60 4°5 0°0037 
K,Fe(CN), M/80 3°5 0°0022 M/80 3-0 0°0018 


3 
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Ratios of the precipitation values in molar concentration are 5°7 : 
4:2°18:1 for dialysed sol I (for 8 hours) and 4°16:3°05:2°05:1 for 
dialysed sol II (for 22 hours). 


TABLE XI. 


Dialysed sol II. 


Sol taken=0°5 c.c. Total volume=20c¢.c. Time=1 hr. 
Electrolyte. Amount. Ppt. conc. 
KIO; M/3 + 0O°25c.c. 0°0041 
K S80, M ‘30 17 0°0°28 
K3Fe(CN)¢ M /60 2°3 0°0019 
TaBLe XII. 
Viscosity. 
Conc. Viscosity of Density of Viscosity of Density of 
dialysed solI. dialysed solI. dialysed sol II. dialysed sol IT. 
Sol A 2°19 1°210 1643 1 300 
A/2 1°41 1°067 21°35 1°120 
A/4 1°24 1°037 5°3 1°031 
A/8 1'10 1-014 2°2 
A/16 1°04 oe 1°47 


The viscosity of concentrated sols of chromium hydroxide also 
changes with time in the beginning and then becomes constant. 


Surface Tension. 


Since the lowering of surface tension has been generally consi- 


dered as typical of the |yophilic colloids, attempts have been made to 
determine the surface tension of these hydroxide sols with a Traube 
As the sols were highly viscous, the time required 
Due to the evapor- 


stalagmometer. 
for the formation of each drop was considerable. 


ation from the drop surface during the formation of drops, these 
results appeer to be only comparative. 
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TABLE XIII. 


Sol. Density of the Surface tension of Surface tension of 
sols. cols. water. 
Fe(OH); 1070 72°1 72 45 
Cr(OH)s 1301 720 72°24 
Al(OH); 1U31 67°1 72°94 


There is only slight decrease in surface tension from that of 
water in the case of ferric and chromic hydroxide sols but with alu- 
minium hydroxide sol, the fall in surface tension is quite marked. 
Further work is in porgress. 


Discussion. 


From the experimental results it will #e seen that we have been 
able to obtain highly concentrated sols of the hydroxides of iron, alu- 
minium and chromium. The concentrations of the sols so far are as 


follows : 
TaBLe XIV 
g. per litre. 
Ferric hydroxide (dialysed) - 81 (Fe 03) 
Alaminium hydroxide (undialysed) ove 58°6 (Al,03) 
Chromic hydroxi 'e (dialysed) ove 127 (CrgQs3) 


It will be interesting to note that the most concentrated sol of 
ferric hydroxide, that was prepared before our work, contained only 
385 g. of Fe,O, per litre (Geffcken, Z. Phys. Chem., 1904, 49, 
297). 

On comparing the precipitating concentrations of eleztrolytes for 
the undialysed and dialysed sols of Fe(OH),, Al(OH);, and Cr (OH), 
it will be seen that the values in the case of the dialysed sols are 
less than those for the undialysed ones. Because with dialysis, the 
stabilising electrolytes are removed and thus the charge on the colloid 
decreases. In other words, the sol becomes more sensitive towards 
electrolytes. (Dhar and Gore, J. Indian Chem. Soc., 1929, 6, 31). 
Moreover it will be seen, that the ratio of the amounts of monovalent 
and bivalent electrolytes necessary to coagulate the sols falls off 
considerably on dialysis and these results are in agreement with those 
previously obtained by Dhar and Gore. 
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Influence of Concentration on the Coagulation of the Sols. 


In several publications from these laboratories it has been shown 
that the amount of uni-univalent electrolytes, necessary for coagulation 
of the sols of ferric, chromic and aluminium hydroxides is greater, 
the greater the concentration of the sol, when the sol is coagulated by 
electrolytes like KCl, KIO, and KBrO;. Moreover, it was also 
shown that when these hydroxide sols contain appreciable 
amount of acids, the stability of the sol is greatly increased and 
increasing amounts of uni-univalent electrolytes are required for 
coagulation of the sol when it is diluted continuously. 

It is evident from the foregoing pages that the sols studied in this 
paper contain acids. Appreciable amount of acetic acid is associa- 
ted with the sols of ferric and aluminium hydroxides. The chromic 
hydroxide sol was acidic due to the presence of hydrochloric acid, so 
it could not be coagulated by*potassium chloride. Consequently it is 
expected that these sols should behave abnormally towards dilution 
when coagulated by uni-univalent electrolytes. Our experimental re- 
sults show also that the amount of KC! required to coagulate the dilu- 
ted sO] is greater than that required to coagulate the concentrated one. 
The degree of dissociation of acetic acid, which is associated with the 
sols increases with dilution and the amount of H ion adsorbed is‘more 
marked with the diluted than with the concentrated ones. Conse- 
quently the stability and the charge on the colloid are greater in the 
diluted condition than in the concentrated one. 

From the results on the coagulation of chromium hydroxide sol, it 
will be seen that KIO, exerts practically the same influence as 
K,80,. Similar results have been obtained by Weiser and Middleton 
(J. Phys. Chem., 1920, 24, 30). It has recently been emphasised by 
Dhar (J. Indian Chem. Soc., 1928, 5, 58) that iodic acid and iodates 
contain in solution the bivalent ion 1,0,” and that is why the coagu- 
lating power of the iodate ion is practically the same as that of the 
sulphate ion. 

It appears that the iodate ions have marked chemical affinity for 
the hydroxides of iron, aluminum and chromium, because the adsorp- 
tion of iodate ions is greater than that of Cl’ or SO,” ions, under iden- 
tical conditions. It has been emphasised in several publications 
from these laboratories that the amount of adsorption of an ion by a 
sol is not only controlled by the amount of the electric charge on the 
sol, but the chemical affinity of the uncharged particles for the ions, 
also plays an important part. 
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Viscosity. 


The influence of electric charge on the viscosity of colloids has 
been considered by several investigators. Wo. Ostwald recognises the 
influen :e of electric charge on the viscosity of colloids in the following 
terms—‘‘Every electrically charged particle induces about it an electro- 
magnetic field which hinders its movements whether such is spontane- 
ous or brought from without. Hardy (Z. Phys. Chem., 1900, 33, 398) 
observed the generation of a cataphoretic current from the fall of 
electrically charged particles. Smoluchowski (Kolloid Z., 1916, 18, 
194) concluded that the movements of electrically charged particles 
of a sol causes the development of an electrical field, which hinders 
the flow of the sol resulting in the increment of the viscosity. 
Smoluchowski reported that a sol with greater electric charge shows 
greater viscosity than a sol containing particles of feeble electric 
charge. Kruyt and his coworkers (Koll. Chem. Beih., 1929, 28,1; 1929, 
29, 413) are also of opinion that an increase in electric charge on a 
sol produces an increment in its viscosity. 

Dhar and his collaborators have, however, shown from experi- 
mental results with no less than 30 sols that the views of 
Ostwald, Smoluchowski, and Kruyt are untenable. Dhar concludes 
that other things being identical, a decrease in the electric charge on 
colloid particles causes an increase in hydration and necessarily in 
the viscosity of the sol. The viscosity measurements with the un- 
dialysed and dialysed sols of ferric, aluminium and chromic hydro- 
xides show that the viscosities with a sol of feeble charge are remark- 
ably high in comparison with that of a sol of high electric charge. 
These experimental results are in agreement with the views of 
Dhar. In measuring the viscosity of the hydroxide sols, we have 
observed that the time of fall through the capillary gradually de- 
creased until a constant value is reached. Similar results showing 
a decrease in viscosity with increase in the shearing force with lyo- 
philic sols like gelatin and starch were obtained by Hatschek 
(Kolloid Z., 1913, 18, 88). It seems probable that with repeated 
forcing of the highly hydrated and viscous sols through the capillary, 
the hydrated colloid particles are subjected to a shearing force with 
consequent loss of adsorbed water up to a limiting value. Banerji and 
Ghosh (private communication) however, ascribe this decrease of 
viscosity to the disturbance in the structure of the highly viscous 
sol. 
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The viscosity concentration curve has been plotted with these 
hydroxide sols and they are found to be very steep and logarithmic in 
nature. These curves are of the same nature as those obtained 
with typical lyophilic sols like gelatin, agar and starch. It appears 
therefore. that as far as viscosity is concerned the highly concen- 
trated sols of iron, aluminium and chromium behave like lyophilic 
colloids. 


Arrhenius (Medd. K. Vetensk, 1916, 3, no. 13) has deduced the 
empirical formula for the viscosity concentration relation for lyo- 
philic sols as log y=@c, where n=felative viscosity of the dispersed 
phase, @=constant, and c=molecular concentration of the sol. The 
Arrbenius equation applies very well to our results obtained with the 
hydroxide s»ls. When the logarithm of the viscosities are plotted 
against tbe concentrations, a straight line is obtained. 


In order to calculate the amount of hydration, the equations of 
Hatschek and Arrhenius have been utilised. The formula suggested 


by Hatschek (Kolloid-Z. 1911, 8, 34) is »,=——/°— where n, and 
1—v¢ 

n, are the viscosities of the sol and dispersion medium respectively 

and ¢=effective volume of the colloid particles. The hydration 

factor can be calculated from the observed viscosities and from the 

known weight concentration ¢/ by applying the above relation of 

Hatschek in the following form : 





h¢’ =("a")'; his the hydration factor by which the weight 
concentration must be multiplied to give the volume concentration 
(effective volume) which enters into the formula, i.c., h¢/=¢. 
Hatschek emphasises that if this formula be applied to typical 
emulsoid sols of proteins, the constancy of h is maintained over a 
moderate range of concentrations. But the factor ¢/¢’ with the hydro- 
xide sols does not show any constancy. Arrhenius (Medd. K. Vetensk., 
1916, 3, no. 13) deduced that for substances with very high mole- 
cular weight, the molecular concentration is given by the relation 
100p 


C=6 
100—(n +1)p 





where 6=constant, p=weight of the dry substance 


in 100 ¢.c, of sol, n=hydration factor, i.e., number of grams of solvent 
associated with one gram of solute. He obtained constant values of 
n in the case of protein sols. On calculating the value of n with our 
sols, we find the values to be negative. 
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It is apparent, therefore, that the exact determination of hydra- 
tion from the viscosity measurement is not possible. It may be of 
interest to point out here that the degree of hydration for ions as 
obtained by different authors by various methods, does not agree and 
the values are looked upon with considerable uncertainty. Hence it 
is not surprising that the measurement of the degree of hydration 
for a colloid particle, which does not represent a stable state of exis- 
tence, is based on still more uncertain factors. It should, however, 
be borne in mind that the measurement of viscosity (though not 
reliable in giving us a correct value for the degree of hydration) 
certainly conveys a qualitative idea of the hydration of colloid 
particles. 


Reversibility of the Sols. 


A curious phenomenon has been observed in the case of these 
hydroxide sols. The viscous sols can be dried in air and the dry 
mass can be repeptised by cold water. Uptil now this reversibility 
has only been observed in the case of the typical lyophilic sols, 
) namely gelatin, agar ete. This reversibility is most prominent with 
Cr(OH); sol and least in the Fe(OH); sol. When the solid dry 
hydroxides are placed in water, they gradually swell, become 
transperent and finally pass into a clear colloidal solution. Warming 
hinders this process. Ferric hydroxide sol when completely dried in 





air becomes irreversible and is not repeptised when put into water. 
The dry reversible solids have been analysed and the results are as 


follows : 
TABLE XV. TaBie XVI, 
Air dried chromium hydroaide Air dried aluminium hydrozide 
sol, sol, 
Constituents Percentage Constituents Percentage 
+ composition. composition. 
Cr203 44°18 Al,0; 55°2 
cl’ 13°1 Acetate 101 
Water 42°8 Water 44 


The empirical formula derived for the dried chromic hydroxide 
sol from the percentage composition is Cr,;(OH),,Cl,, 28H,O. 
Bjerrum (Z. Phys. Chem., 1910, 78, 724) claimed to have obtained 
the basic salts Cr(OH),Cl and Cr(OH)Cl,. The basic compound 
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Cr;(OH) ,gCl,, 283H,O obtained by us is not mentioned in the litera- 
ture. Moreover by splitting the formula in the form [Cr(OH), 
‘7H,0],CrCl, it is clear that one molecule of chromic chloride is 
associated with 4 molecules of Cr(OH),; and each molecule of Cr(OH), 
is associated with 7molecules of water of hydration. When viewed 
with a high power microscope, thedry substance appears to consist 
of regular layers of solid. The empirical formu-a of the dried 
aluminium hydroxide is Al(OH);H,O°CH,COOH. ‘The dried mass 
of the aluminium compound is transparent and looks like glass. 


In this connection it is to be noted that a high degree of hydra- 
tion is not associated with the reversibility of the hydroxide sols. From 
our results, it will be seen that ferric hydroxide sol is more viscous 
than the other two at more or less the same concentration, but the 
property of reversibility is least developed with ferric hydroxide sol. 
Whilst the chromic hydroxide sol, though the least viscous and conse- 
quently the least hydrated of the three, is the most easily reversible. 
Kruyt and his coworkers (Z. Phys. Chem., 1922, 100, 250) have shown 
that hydration is closely associated with the stability of the sols to- 
wards their coagulation by electrolytes. According to these investiga- 
tors, layers of water envelop the colloid particles and protect them 
from agglomeration on neutralisation of electric charge. Ghosh and 
Dhar (J. Phys. Chem., 1930, 34, 326) have shown that this view of 
Kruyt supported by Freundlich (Koll. Chem. Beih., 1922. 16, 234) is 
untenable in view of their experimental results on the coagulation of 
highly viscous and hydrated inorganic sols. Our results on the coagu- 
lation of these hydroxide sols also point to the fact that the conclu- 
sion of Kruyt and Freundlich and others are not justified. Thus ferric 
bydroxide sol has been found in these investigations to be highly 
hydrated, whilst the sol is the least stable of three hydroxides in- 
vestigated in this paper. It seems on the other hand that the 
stability of a sol towards the action of electrolytes is more related 
with the electric charge on the colloid particles than with its hydra- 
tion. Chromic hydroxide sol, which contains a large amount of 
chromic chloride, is necessarily less viscous and hydrated because 
of the comparatively high electric charge on the particles and is 
most stable amongst these three hydroxide sols. We are of opinion 
that high viscosity and hence greater hydration are not necessarily 
a cause of stability of the sols towards their coagulation. 
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Summary. 


1. Highly concentrated sols of ferric, chromic and aluminium 
hydroxides nave been prepared. The concentrations being 81 g. 
(0°5063 gram mole) Fe,0, per litre, 53°6 g. (0°5255 gram mole) 
Al,Oz per litre and 127 g. (0°8356 gram mole) Cr,0z per litre. 

2. These hydroxide sols of iron, aluminium and chromium could 
not be completely freed from the peptising substances even by hot 
dialysis. It has been found that if the dialysis be carried beyond the 
purity mentioned, the hydroxides set to firm jellies, 

3. The undialysed sol of the same concentration is more stable 
towards electrolytes than the dialysed ones. The ratio of the preci- 
piting concentrations of uni- to bivalent ions decreases as the purity 
of the sol increases. 

4. The viscosity of the sols is exceedingly high in the concentra- 
ted condition and increases with purity even their when concentra- 
tions are practically identical. The results of viscosity measurements 
show that the less the charge on a colloid, the greater is its viscosity. 
These results are in agreement with the views of Dhar that the 
viscosity of a colloid increases as the charge decreases, 

5. The viscosity concentration curves with these hydroxide sols 
are very steep and resemble those obtained with typically lyophilic 
sols. 

6. Preliminary measurements of surface tension show that 
the values of the surface tension oof ferric and chromic hydrox- 
ide sols are slightly less than that of water but in the case of 
aluminium hydroxide, the fall in surface tension is quite marked. 

7. The highly concentrated sols of aluminium and chromium 
hydroxide behave as reversible colloids in as much as the air dried 
solids obtained from these sols swell and again pass into colloidal 
condition when kept in contact with water. 


CremicaL Laporatory, 
Received May 20, 1932, 


ALLAHABAD UNIVERSITY, 








Some Observations on Selenium and Selenium Dioxide 
and the Oxides of Nitrogen. 


By Epwarp BArNgEs 


No observations appear to have been recorded on the action of NO 
on Se or SeQg, nor on the reactions between NOg, and Se and Seg, 
except the one referred to in section IIL. The following observations, 
made by the author, may therefore be worth putting on record. 


I. Selenium Diozide and Nitric Oxide. 


Selenium dioxide is fairly easily reduced to elementary selenium, 
and so it often behaves as a mild oxidising agent. It was expected, 
therefore, that it would react with nitric oxide. The subject was 
stidied experimentally as follows. A long glass tube, of about 1-5 
em. bore and constricted at about the middle, was sealed on to a 
vacuum tap at one end. Some selenium was placed in the open 
half of the tube and oxidised to SeO, by heating in a stream of dry 
oxygen which was mixed with some dry NOg, obtained by heating 
dry lead nitrate contained in a side-tube. Some of the SeO, was 
then sublimed into the other part of the tube, and the tube was 
drawn off and sealed at the constriction. This procedure was 
adopted because of the highly hygroscopic nature of SeO,. After 
closing the tap, this tube was sealed on to an all-glass apparatus 
consisting of a Tépler pump and mercury gas-holder containing dry, 
nitric oxide. After completely evacuating the tube containing the 
SeO,, it was filled with NO at atmospheric pressure. No immediate 
reaction occurred, and after leaving for a week at room temperture 
(80°.) the gas remained colourless and the white needles of SeO, 
remained unchanged. The tube was then slowly heated, but no 
reaction occurred up to the sublimation temperature of SeO, (about 
315°). It was found that SeO, could be sublimed unchanged in an 
atmosphere of nitric oxide. During sublimation the SeOg gave its 
characteristic greenish-yellow vapour, but as soon as this had 
condensed, the gas in the tube was seen to be colourless and the 
sublimate was snow-white. The gas was pumped out of the tube and 
found to be unchanged NO, 
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II. Selenium and Nitric Oxide. 


A tube of about 50 c.c. capacity, closed at one end and sealed on 
to @ vacuum tap at the other, was sealed on to the Tépler pump and 
mercury gas-holder containing NO. The tube contained 2°3 g. of dry 
amorphous selenium. The Se was prepared, by passing SO, into a 
solution of pure selenious acid to which some HCl had been added, 
filtering, washing repeatedly with water, aud drying in vacuo over 
concentrated H,SO,. The tube was evacuated completely, heated in 
an electric tube-furnace, and filled with NO. Several experiments were 
carried out and it was found that no reactien took place between 
selenium and nitric oxide up to a temperature of 330°. After 
several hours at this temperature, the selenium had distilled to the 
cooler end of the tube and condensed there as opaque black drops. 
After the experiments, the gas was pumped out and found to be 
unchanged NO by absorption by Diver’s reagent (alkaline sulphite 
solution). Experiments were not carried out at higher temperatures 
as, with the arrangement used, the selenium would have simply 
distilled into the connecting tube outside the heater. 


III, Selenium and Nitrogen Tetroxide. 


The only reference to this subject that has been found is in a 
paper by Jannek and Meyer (Ber., 1913, 46, 2876). These workers, 
for determination of atomic weight, prepared pure SeO, by passing a 
stream of oxygen mixed with some NO, over heated selenium. It 
has been known since the time of Barzelius’ investigations on 
selenium that selenium is oxidised by oxygen much more readily in 
the presence of nitric acid vapour. Jannek and Meyer (loc. cit.) explain 
this as being due to a reaction similar to that taking place inthe Lead 
Chamber Process, the NO acting as oxygen-carrier. In support of 
this view they state that they had found that when NO, is led over 
powdered Se, it is reduced to NO, but they give no experimental 
details except that the reaction occur at ordinary temperatures and 
better at higher temperatures well below the melting point of 
selenium. 

A series of experiments was carried out in order to investigate 
this reaction. Owing to the nonavailability of liquid air, the arrange- 
ment described below was used. Dry liquid nitrogen tetroxide was 
sealed into a number of small capsules which were drawn out to fine 
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capillaries at one end. The NO» was prepared by Cundall’s method. 
One arm of a T-piece was fused to a closed glass tube of about 200 c.c. 
capacity. This tube contained several grams of dry amorphous 
selenium spread along its length and it was supported in a horizcntal 
position. Another arm of the T-piece was fused on to a tap (A) which 
led through a tube of powdered NaOH to the Tépler pump. The 
third arm of the T-piece was also fused on toatap(B). This tap 
was placed in the ‘‘ open ”’ position and one of the capsules of NO, 
was introduced into its open end so that the capillary of the capsule 
passed into the bore in the key of the tap. The open end of the tap 
was then drawn off and sealed after introducing some glass-wool to 
prevent the capsule from becoming heated. In order to prevent the 
possibility of the NO, acting on tap-grease, the taps were lubricated 
with gummy metaphosphoric acid which was protected from atmos- 
pheric moisture by an external layer of vaseline. After completely 
evacuating, tap A was closed and by slightly turning tap B, the 
capillary end of tho NO, capsule was broken off and the nitrogen 
tetroxide rapidly vaporised into the reaction vessel containing the 
selenium, which was kept at 30°. No visible signs of action were 
seen on first contact. By observing the colour of the gas at intervals, 
as seen through a layer 25 cm. thick against a white background, a 
slow fading of colour was found to occur, and after 48 hours the gas 
had become quite colourless. The gas was then pumped out and 
analysed. It was found to be practically pure nitric oxide. The 
contents of the reaction tube were now treated with water to dissolve 
out the SeO,g formed. This solution was filtered and treated 
with SO, to decompose the selenious acid, and the precipitated Se 
was collected in a Gooch crucible and weighed. The figures obtained 
in one of these experiments are as follows 


Found. Calculated. 
Weight of NO, used 0°302 0°293 
Weight of Se collected 0°252 0°252 
Volume of NO at N.T.P. 141°2 c.c. 142°7 c.c, 


The volume of NO stated is the volume of gas absorbed by the 
alkaline sulphite. 0°77 C.c. remained unabsorbed; this may have 
been nitrogen formed by complete reduction of NO g. The values 
given in the second column are calculated from the equation 


Se+2NO, = SeO,+2 NO. 
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The approximate agreement of these numbers with those found 
shows that this equation represents the reaction that occurs to 
the extent of about 97 per cent. The result recorded in section I 
shows that this reaction is not reversible within the temperature 
range mentioned. 

The reaction of selenium with liquid nitrogen tetroxide was also 
studied. Some liquid nitrogen tetroxide was prepared by Cundall’s 
method, purified by being passed through tubes containing heated 
As,0, and anhydrous CuO, and dried by P,O,. It was then distilled 
over P,O, into a stoppered tube through a side arm which was then 
drawn off and sealed. This tube was kept at O° by placing it in 
avacuum flask containing ice and water. On adding some dry 
amorphous selenium, the light yellow liquid became slightly green. 
After some minutes, it was bright green and after several hours green- 
ish blue. The tube was kept at O° for several days. No efferves- 
cence was observed and no noticeable perssure was generated, indica- 
ting that no appreciable amount of nitrogen was formed. The tube 
was then allowed to warm and the oxides of nitrogen to escape. 
The residue consisted of SeO, with an appreciable amount of 
unchanged Se. On treating with water and filtering, a solution of 
selenious acid free from selenic acid was obtained. This experi- 
ment shows that the reaction between selenium and liquid nitro. 
gen tetroxide may be represented by the equation 


Se+2N,0, = Se0,+2N,03 


IV. Selenium Dioxide and Nitrogen Tetrozide. 


The experiments described in the previous section indicate that the 
reaction between selenium and nitrogen tetroxide takes place slowly. 
The slowness of the reaction is probably not due to the reaction itself 
but to the layer of SeO. that soon covers the surface of the selenium 
and prevents further contact. This layer of S20, is apparently in- 
soluble in liquid nitrogen tetroxide asthe following experiment shows. 
Some SeO, was sublimed in to the bottom of a U-tube, one arm of 
which was sealed, and then some nitrogen tetroxide was’condensed 
in it. After placing a plug of glass-wool halfway down the open 
arm of the U-tube, it was sealed off. After leaving the SeO, and 
liquid NOg in contact for 24 hours, the U-tube was inverted so as 
to filter the liquid through the glass wool into one closed end of the 
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U-tube. The other end of the U-tube was now cooled in a freezing 
mixture so as to cause the NOg to distil over. The process was has- 
tened by slight warming. No residue of SeO, remained after the 
NOg had distilled over. There was no indication that these two 
compounds combine to form a double compound. 


V. Selenium and Nitric Acid. 


It is well-known that the oxidising action of ordinary nitric acid 
on elements is, in some cases, due to the catalytic action 
of NOg present as an impurity. The pure acid is often without 
action, as in the case of copper. It was thought that this 
might be the case with selenium as it has been shown 
that Se is acted upon by NO,. Some of the purest obtainable 
strong nitric acid was treated with 5 percent. of its weight of urea so 
as to remove any NO, present. When some amorphous selenium was 
added to this acid, there was an immediate and vigorous reaction. 
Nitric acid therefore appears to react with selenium in the absence 
of nitrogen tetroxide. 


CHemiIsTryY DFPpARTMENT, 
CuristTiAn COLLEGE, 
Mapras, Received May 30, 1932. 
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Influence of Stirring on the Velocity and Tem- 
perature Coefficient of Photoche- 
mical Reactions. 


Ay W. V. Boaawat ano N. R, Duar. 


Attempts have been made from time to time to find out whether 
the velocity of a homogeneous photochemical reaction is affected by 
shaking or stirring the reacting substances. So far however, no 
conclusion has heen arrived at from theoretical considerations. In 
this communication we shall consider this problem from the laws of 
absorption of light. 

Let us consider an absorbing media of thickness 1, and J, be the 
intensity of light after its passage through the length z of the medium. 
The amount of the light absorbed 


=I,—I=I], (l-e=*') ove (1) 


. , _I,(l—e=**). 
Hence the light absorbed per unit length = = 


If the velocity of the reaction is proportional to the n‘* power of the 
light absorption, the average velocity 


=y,=k jt os (2) 


This is the average velocity for a reaction, in which the reacting sub- 
stances are well stirred. If there is no stirring, the velocity of the 
reaction will vary from place to place with the thickness of the 
medium according to the variation in light absorption with the thick- 
ness of the mixture as given by Lambert’s law of absorption. The re- 
action takes place not only at the places of maximum absorption, 
but also at places of low absorption, so that the observed velocity is 
is the mean of these velocities at various points along the thickness 
of the solution. The amount of light absorption by an unit surface 


5 
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of the solution situated between / and 1+dl along the length of the 
| solution is given by 
T,—I 1.4, =1,f{e7*! —e“ ta} on (a) 


We can expand this by applying Taylor’s theorem 


flat dz) = fz) +f\2)dz+ Pies. Orel 
Hence I, -Ij.a:= —1,f(e“*')dl=1 ,ke~* dl eee eee (b) 


The absorption per unit length between / and /+d/ 


leben"! dl all -kl 
aa pee =ke~*'I, 


Hence the velocity of the reaction at this place is equal to 
k,(I,k ies 7’. 
If Vg be the mean average velocity and vj, vg, v3, etc., be the velo- 
cities at different points along the length of the solution of thickuess 


l, then 
Vo xl=v,dl+vgdl+vgdl+..........4. 


tel 


tel 
-{ byteteeyat = ( ky 1pk"e-*" dl 


leo leo 








lel 
—knl othe 
=h,I, k* [<. ] =k, 12k" mn i | 
leo 
= EL ee[ ae? |= ky -Ik"~) [ane ]. 
kn n 


Hence the average velocity without stirring is equal to 


Vg= "3 k=l [rent] ie ig 


If the reaction velocity is directly proportional to the light absorp- 
tion, then »=1 and hence 


V,=Ve= *11,(—e-#*) 
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or the stirring produces no effect on the velocity of the reaction, and 
hence on the temperature coefficient. Ifn is less than unity, then 
Vist Vs or 


af ease} AL Ty (Lmomt yet, 


From considerations based on the principles of inequalities, it can be 
proved that when n is Jess than 1 then 


1,(1-67*") 0" Sky 7 mt (1a 
Pee hi > tuk l-e ) 


for all values of k and/. This shows that the velocity of the reaction 
for a continuously stirred reaction is greater than the velocity when 
the substances are not stirred. 

In several papers published from our laboratories, it has been 
shown that the temperature coefficient of a photochemical reaction 
depends on its accceleration caused by light. The greater the accele- 
ration, the smaller is the temperature coefficient. Hence the tem- 
perature coefficient for the reaction with good stirring which has got 
higher photochemical acceleration must be less than that for the same 
reaction when not stirred. This is what has been actually observed. 
Two interesting cases of variation in the velocities may be considered : 
(1) when the absorption is low and (2) when the absorption is very 
high. When the absorption is very high, kl= a and e~*’=0. When 
the absorption is very low e~*’ can be expanded. Thus for conti- 
nuous stirring we get from (a) 


nem (#) 


and for the unstirred reaction we have 


Ve=AH3k*1., 


vy; u(-_) ky ltn 


n 
Ve Ay [kel ibis er 
nl 





=n°(kl)'-* 7 ns (A) 
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but kl= oo. Orthe ratio of these two velocities of stirred and un- 
stirred reaction is very bigh and hence there must be marked - varia- 
tion in temperature coefficients in the two cases. 

When the absorption is very low 


-tt—y—pp a. (Rl)? _ (kl) § 
, 1-B+ey ~ Tas - 


Then for the stirred reaction 


es ere Leaver 


and for unstirred reaction, 


Ve= 1k f1-14%nt} 


= 1m ee nlsky It k". 
nl 
VY, kk re 
Hence V, ~ Ree = 1 en . . @ 


or the velocity of the unstirred reaction is the same as the velocity 
of the same reaction when stirred. Thus the ratio of the two velo- 
cities can vary from infinity to unity depending on the amount of ab- 
sorption. This clearly shows that what a great amount of variation in 
temperature coefficient of a photochemical reaction is possible under 
the two circumstances, when the velocity of the reaction is not 
directly proportional to the light absorption. The equation shows 
that the velocity of a reaction under both the circumstances depends 
on the thickness of the solution. The greater the length of the 
solution, the smaller is the average absorption and hence the velocity 
is small. 

Moreover the shape of the vessel in which the solutions 
are exposed to light also exert a marked effect on the absorption and 
on the velocity of the reaction. This leads to a variation in the 
temperature coefficient with change in the size and shape of the 
reaction vessel. Hence whenever the results of two workers on the 
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same reaction are to be compared and when the reaction is not 
directly proportional to the light absorption, attention should be paid 
to their experimental conditions as regards the thickness and the 
shape of the reaction vessel. 

The obeservations of Bhattacharya and Dhar that the relation 
between intensity and velocity for a particular reaction is not a 
constant factor but depends upon the amount of photochemical 
acceleration is highly interesting from the above viewpoint. As the 
absorption decreases, the photochemical acceleration falls, and the 
relation between intensity and velocity approaches direct relationship 
or the effect of stirring goes on decreasing till with very small ab- 
sorption, the stirring has got practically no effect. This is what is 
actually expressed by v,/v,=1 for small absorptions, when n ap- 
proaches unity. 

Regarding the experimental confirmation of the foregoing deduc- 
tions the only exeriments performed are those by Young and Style 
(Trans, Faraday Soc., 1931, 27, 494) on the influence of stirring on 
the photochemical reaction between iodine and potassium oxalate. 
They have observed a marked decrease of the temperature coefficient 
when the mixture is well stirred. 


We have also studied the influence of stirring on the veiocity of 
the same photochemical reaction and we have observed that the 
velocity of the reaction is increased on stirring. 


Berthoud and Bellenot (Helv. Chim. Acta, 1924, 7, 307), Briers, 
Chapman and Walters (J. Chem. Soc., 1926, 129, 526) and Mukerji 
and Dhar (J. Phys. Chem., 1928, 32, 1308) observed that the reaction 
between potassium oxalate and iodine and ammonium oxalate and 
iodine is nearly proportional to the square root of the incident radia- 
tion. Bhattacharya and Dhar (J. Indian Chem. Soc., 1929, 6, 473) 
have shown for the same reaction that when the photochemical 
acceleration is not large and an aqueous solution of iodine is used 
and KI is not added and the mixture is illuminated by radiations 


of wave-lengths 5650A, and 73044, the reaction tends to be directly 
proportional to the light intensity. Weare investigating the influ- 
ence of stirring under the conditions when the reactions tend to be 
directly proportional to light intensity and we expect to get only very 
slight variation of the velocity of the reaction with stirring. We are 
also investigating the influence of stirring on other photochemical 
reactions. 
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Summary, 


We have deduced from the laws of light absorption a relation 
which states that when the relation between the light absorption and 
velocity of the reaction deviates markedly from unity, stirring will 
lead to increased velocity and decreased temperature coefficient. 
When the relation between intensity and velocity of the reaction is 
unity, stirring should have no effect on the velocity and temperature 


coefficient. 


CHemicat LaBorRAToRY, 
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A Magnetic Study of the Colour Changes in Cobalt 
Chloride. 


By 8. S. Bratnacar anv A. N. Kapoor. 


The well-known and striking colour changes red ===> blue 
of cobalt cbloride solutions have led to considerable controversy. 
Numerous early investigators (Babo, Jahresber., 1857, 72; Schiff, ibid., 
1859, 52; Gladstone, J. Chem. Soc., 1858, 10, 79 ; 1859, 11, 36; 
Russell, Proc. Roy. Soc., 1881, 32, 258; Hartley, Sci. Proc. Roy. 
Dubl. Soc., 1900, ii, 7, 253 ; etc.) have endeavoured to explain the 
colour changes entirely in terms of varying hydration of the cobalt 
chloride. The explanations of the colour phenomena by Engel (Bull. 
Soc. chim., 1891, iii, 6, 239) on the concept of double salts in solu- 
and by tions Ostwald from single ionic standpoint are both untenable. 

Donnan and Bassett (J. Chem. Soc., 1902, 81, 939) explained 
the colour changes on the basis of some such equilibrium as 


Co * +4Cl! => CoCl”,. 


Hartley (J. Chem. Soc., 1903, 83, 401) considered that CoClo, 2H,O0 
and CoCl, were formed on heating aqueous solutions of cobalt chlo- 
ride. Lewis (Z. Phys. Chem., 1905, 52, 224), Jones and Bassett 
(Z. Phys. Chem., 1905, 82, 231) and Hulbert, Hutchinson and 
Jones (J. Phys. Chem., 1917, 21, 150) have also explained the 
colour changes entirely in terms of hydration theory. 

Moore (Z. Phys. Chem., 1906, 65, 641) from his spectroscopic 
measurements considers the existence of complex ions very probable. 
Brown (Proc. Roy. Soc. Edin., 1912, 32, 50) on the other hand, from 
his measurements on absorption of light by cobalt chloride solutions 
favours the hydration theory. 

Denham (Z. Phys. Chem., 1909, 65, 641) from measurements of 
of transport numbers concluded that ‘‘auto-complexes’’ were present 
in solutions of cobalt bromide. 

Groh (Z. anorg. Chem., 1925, 146, 805) from molecular extinc- 
tion coefficients supports the assumption of an equilibrium 


CoClg + 2C/==—=—==000l”,, 
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the blue colour of the solutions being due to the complex ion 
CoCl”,. Gréh and Schmid (ibid., 1927, 162, 321) came to the same 
conclusion from observations on the solubility of lithium chloride 
in acetone solutions of cobalt chloride. 

Kotschubei (J. Russ. Phys Chem. Soc., 1914, 46, 1055) studied 
the water carried by the ions by Nernst’s method, using phenols as 
the indicator. He found that the hydration of the cobalt ion and of 
undissociated cobalt molecules diminished with increase of concentra- 
tion and rise of temperature, and considered that the change was 


* rf (H,0)2 
probably from Co(H,O), to Co(H,O), and & Jo not 
to CoC!) . 

Hill and Howell (Phil. Mag., 1924, vi, 48, 833) suggested that 
whether cobalt compounds are red or blue depends upon the state of 
co-ordination of the cobalt atom; if this is surrounded by six other 
groups or atoms, a red colour results, while if there are only four 
groups or atoms, the colour is blue. 

Bassett and Croucher (J. Chem. Soc., 1930, 1784) fail to 
reconcile this view with the electrical evidence as to the nature of the 
red and blue solutions. They conclude that colour is independent of 
the state of co-ordination. ; 

It is evident from the above resumé of the subject that the theory 
of the constitution of cobalt salts in solution is far from satisfactory. 
The magnetic properties of the salts in solution would naturally sug- 
gest themselves to investigators as likely studies which would shed a 
a flood of light on the subject. 

The magnetic behaviour of cobalt salts in solution is in itself quite 
complicated. With concentration of the chloride ranging from 0°5 to 
0°005 g. mols per litre, Trumpler and Cabrera (J. Phys. Radium, 
1922, vi, 8, 443), obtained values for p lying between 24°53 and 
24°59. With the addition of hydrochloric acid, Cabrera (loc. cit.) 
found that the equilibrium between the different ionic carriers was 
displaced in a direction which suggested that there may also be 
carrier of moment less than 23 Weiss magnetons. 

Chatillon (Ann. Physique, 1928, 9, 187), found for aqueous solu- 
tions of CoCly, CoSO, and Co(NO3;),, a value of 25°02 for the Weiss 
magneton number. In amy] alcohol and ethyl alcohol cobalt chloride 
gave the value of 23 for p, the Weiss magneton number and the 
aqueous solutions of CoCl, diluted with hydrochloric acid gave results 
depending on the concentration of the acid. It appears that similar 
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solutions do not always give the same results ; the temperature 
variation is linear only over a limited range and magaeton numbers 


22, 23, 24, 25 and 26 were found. 
From the above it is clear that the magnetic behaviour of the 


cobalt salts in solution is very complicated. In this paper we have 


determined 
. (a) The value of p, the Weiss magneton number, for the cobalt 


salts in aqueous solutions, and 
(b) The variation of p, with concentration for various hydrates of 


cobalt chloride in different solvents. : ; , 

From these and from the results of other investigations, we have 
attempted to clarify our views regarding the constitution of cobalt 
salts in-solution. 





EXPERIMENTAL. 


The apparatus employed during this investigation was ‘in princi- 
ple similar to Bauer and Piccard’s U-tube type and is fully described 
in a previous paper (Bhatnagar, Mathur and Mal, Phil. Mag., 
1930, vii, 10, 101) from this laboratory. 

As in the original method of Bauer and Piccard (J. Phys, Radium, 
1920, vi, 1, 97) the meniscus, after putting on the field, could be 
brought back to the initial position by raising or lowering the reservoir 
and the'rise or fall read on a fine micrometer. These readings -were 
checked with-those taken directly on a travelling microscope. 

Now, according to the well- known expression, the specific mass 
susceptibility i is 3 given by 


— 269 Po Coal 
X= AP + Xen 


where x,= specific susceptibility of air (21°0 x 10~°), is 
Pp. =density of air at the given temperature and pressure, 
=density of substance under investigation, 2 
6 =rise or fall of the meniscus. 


The apparatus was standardised with respect to water 
(x=—7°25 x 1077). 
Salts. 


Pure specimens of Kahlbaum’s were taken and their purity 
determined by ordinary methods of chemical analysis. 


6 
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From the mass susceptibilities of the salt solutions as calculated 
from the expression given above, the volume susceptibilities were 
calculated. The mass susceptibility of the salt is given by the 





expression : 
e Pe ae m W solvent 
m— X solution X wir - ’ 1000 ) 
salt 
nd Xm, 
W solute one: 
1000 


the gram molecular susceptibility is given by Xm = Xiah x M. wt. 


The Curie constant Cu was calculated from Cu =Xy.T where T is the 
absolute te mperature. The Weiss relation Cu =Xy (T—6) could not 
be employed as the range of temperatures investigated was not large 
enough to extrapolate the value of 6. 


Then p, the number of Weiss magetons is given by p=14'07 VCy . 


TABLE I, 
Condition in which Moments in Reference. 
Co ion is placed. magnetons. 
Aqueous solution of 
Co(NOs3)q 25°05 Present work 
25°02 Chatillen (loc. cit.) 
CoCSls 25°04 Present work 
25°05 Chatillon 
CoSO, 25°04 Chatillon 
CoCls, 6H,O (solid) 25°08 Chatillon 
CoClg, 2H;0 (solid) 25°02 Present work 
Anhydrous CoCl, 24°96 '  Thdodoridés (J. Phys. 
Radium, 1922, vi, 3, 1) 
Anhydrous CoSQ, 25°06 Do 
24°95 
CoS0, calcined at temperature 25°07 Chatillon 
lower than 400°. 
Co80, calcined at dull 25°98 Miss Serres (Compt. rend., 
read heat. 1925, 181, 714) 


25°98 Chatillon 





il 
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TaBe II. 
Condition in which Co Moments in Reference. 
ion is placed. magnetons. 
Solutions of CoClg, 6H,0 in 
ethyl alcohol 
12°519 g. per 100 g. 22°48 
CO . te (lt 22°23 Present work 
Col, in ethyl alcohol 23°00 Chatillon 
CoClg. 6H2O in methyl alcohol 
10°86 g. per 100 g. 23°00 
SHE uw te te 22°75 Present work 
4°588 ” ” ” ” 24°42 
CoClg, 2H;0 in methy! alcohol 23°02 Present work 
Solutions of CoClg in amy! alcohol 23°04 Chatillon 
23°01 Present work 
Solution of CoCl,, 6H;0 ina mix- 23°08 Present work 
ture of ethyl and amy! alcohol 
CoClg crystallised in absolute 26°02 Chatillon 
alcohol 
Tase III. 
Condition in which Co ion is Moments in Reference. 
placed. magnetons. 
Solutions of CoClg, 6H,0 mixed 25°07 
with HCl 
23°47 
Varying concentrations of HCl =? Chatillon 
23° 
22°03 
21°97 
Solution of CoCly in concentrated 25°66 Foex (Trans. Amer. 
sulphuric acid Electrochem. Soc., 
1929, 55, 97) 


Summary and Discussion of Results. 


Table I confirms the conclusions of Chatillon that in all aqueous 
solutions of cobalt salts, the value of the Weiss magneton number is 
25. From a comparison of this value to the values of p, the Weiss 
magneton, found by other investigators for different salts of cobalt 
in the solid state, it appears that the normal value for the red Co*'ion 
is 25. 

Table II gives the values of the Weiss magneton for solutions of 
different hydrates of cobalt chloride in ethyl, methyl and amyl 
alcohols. It is interesting to note that when CoCls, 6H,0 is dis- 
solved in ethyl alcohol, the value of p varies between 22 and 23 
according to the concentration of the solution and it never reaches as 
high as 25 which is the established normal value for aqueous solu- 
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tions. Similar results have been obtained in methyl alcohol and 
amy]! alcohol solutions. 

If the paramagnetic ions in solution remain all of one kind, the 
value of p shall also remain constant. But if ions characterised by 
different Weiss magneton values p;, Pg,......+++++ P» are present, then 
the value of p is given by 


1 
=— (np? HPF +... ) 
where nj, Ng...... give the relative number of ions of Weiss magneton 
values Py, Poverece-es and n=n,+Mp....... And as variations in con- 
centrations of a solution change the relative values of nj, ngo...... ,a 


variation in the values of p with concentration of the solution must 
take place. The fact that the alcoholic solutions of cobalt salts have 
colours varying from blue-violet to pink, would suggest the presence 
of different ionic carriers, which would result in variation of p with 
concentration. We find from our results that the value of p does 
change with concentration. 

When we examine these results with those obtained by Chatillon 
for CoCly, 6H,O in HC! solutions we are immediately struck by the 
remarkable fact that in all these cases the value of p falls from 25 
to a figure between 22 and 24. This fall in the value of p from 25 to 
somewhere between 22 and 24 is not due to the production of the 
anhydrous CoCl, as suggested by Lewis (loc. cit.), Jones and Bassett 
(loc. cit.) or to CoCl,, 2HgO as suggested by Hartley (loc. cit.), as the 
value of p for both these salts is approximately 25, the usual value 
for cobalt salts. The addition of HC! will result in formation of ions 
of the (CoCl;)’ and (CoCl,)” type and it is clear that the addition of 
Cl’ to the CoCly will have the effect of bringing down the value of p, 
as happens to be the case. 

That the decrease of the Weiss magneton value for the cobalt 
salts in‘alcoholic and HC! solutions cannot.be explained on- the pro- 
duction’ of anhydrous or dihydrate CoClg is further proved by the 
observation of Foex (loc. cit.) that the value of p for cobalt chloride 
in concentrated sulphuric acid is 25°66 and not between 22 and 23 as 
it should have been if the simple hydration theory were true. 
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Magnetic Properties of Solid Solutions. 


By 8. S. BHATNAGAR AND Pyara LAL Kapur. 


Homogeneous crystals containing two salts mixed in indefinite 
proportions and formed in solutions containing a mixture of both 
salts were called ‘‘ Mixed crystals’’ by Roozeboom (Z. Phys. Chem., 
1899, 30, 385) and named solid solutions by Van’t Hoff (Z. Phys. 
Chem. 1890, §, 322) because they showed great resemblance in 
their behaviour to ordinary liquid solutions, and obeyed the laws 
applicable to them. Doubts have been expressed by Kuster (Z. Phys, 
Chem., 1895, 17, 367), Lehmann (Ann. Physik, 1894, §1, 67), Ruzicka 
(Z. Phys. Chem., 1910, 72, 381) and Von Weimarn (Kolloid Z., 1910, 
7,35) as to whether it is right that these isomorphous mixtures 
should be considered as solid solutions at all. This position cannot 
be maintained any longer, for it has been shown by Bruni and 
Meneghini (Afti. R. Accad.Lincei., 1911 (5), 20, i, 671, 927), Sirovich 
and Cartoceti (Gazzetta, 1922, i, 62, 436) and Desch (Brit. Assoc. 
Reports, 1912, 348) that diffusion, a process regarded as character- 
istic of the gaseous state and that of solution, takes place not only 
in the case of crystalline metals, but also in the case of mixed 
crystalline salts like sodium chloride—potassium chloride, potassium 
chloride—potassium bromide, etc. Moreover, Tamman (Nachr. Ges. 
Wiss. Gottingen, 1916, 119) has shown that when mixed crystals 
of gold and copper, or of gold and silver, are treated with reagents 
which are solvents for one of the components, they do not behave 
as if they were heterogenous mixtures. Finally, x-ray examination 
of the mixed crystals of potassium bromide—potassium chloride and 
of potassium bromide—ammonium bromide, etc., by Vegard and 
Schjelderey (Physikal Z., 1917, 18, 93) and by Vegard (Z. Physik, 
1921, 5, 393) alone has shown that they behave as single entity and 
not as if they were composed of thin laminz of the individual salts. 
In the crystal lattice of the mixed crystal, the vicarious elements 
replace each other atom for atom. 
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Moreover, in these too, like the liquid solutions many of the 
physical properties do not necessarily follow the mixture law. For 
example, it is a well known fact that electrical conductivity of solid 
solution is much smaller than that of the mechanical mixture of 
the two metals. Bruni and Meneghini (Atti. Ist. Vemto, 1911, 
ii, 71, 195), M. M. Papov, A. Bundel and V. Choller (Z. Phys. 
Chem., 1930, 147, 802) have shown that heat of solution of 
solid solutions of potassium chloride—potassium bromide series is 
smaller than that of mechanical mixture of the two constituents. 
Freezing point curves of the solid solutions when plotted may be 
between the freezing points of the pure components or it may pass 
through a maximum or a minimum. H. Endo (Sci. Rep. 
Tohoku Imp. Univ., 1925, 14, 479) while studying the relation 
between the equilibrium diagram and magnetic susceptibility 
in binary alloys, has shown that though the magnetic susceptibility 
concentration curve of the mixture of two metals remains straight 
yet that of a solid solution becomes curved, but no definite relation- 
ship between magnetic susceptibility and any other property of 
solid solution has been arrived at. 

In order to determine such a relationship it is necessary that 
an accurate magnetic study be made of the simpler solid solutions. 
In the present investigation attention has been restricted to a close 
examination of the following types of solid solutions. 

(1) Those in which the components are simple, stable crystalline 
salts. 

(2) Those which form unbroken series of mixed crystals. 

(3) Those which are either truly isomorphous or their freezing 
point curves pass through a minimum. 

Solid solutions of potassium permanganate—pctassium perchlorate, 
potassium chloride—sodium chloride, potassium bromide—potassium 
chloride and potassiumbromide—sodiumbromide have been examined 
over the entire range of the composition. 


EXPERIMENTAL. 


The salts from which these solid solutions were prepared, were 
the purest obtainable and further purified by fractional crystallisa- 
tion from water and analysed before use. 

Potassium permanganate decomposes on melting. It was neces- 
sary, therefore, to make solid solutions of potassium permanganate 
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and potassium perchlorate by precipitation from aqueous solutions. 
The method used was that described by Fock (Z. Kryst., 1897, 28, 
337). A solution of the mixture in different proportions in water 
at a temperature slightly above that of the room, was cooled and 
vigorously shaken. The crystals that separated were quickly filtered 
off and dried with filter paper. These were kept in a vacuum 
desiccator till further use. Since only 2—3 per cent. of the substance 
in solution crystallised out, the composition of the solid solution can 
be considered to be constant. The samples got in this way were 
analysed for potassium permanganate volumetrically and potassium 
perchlorate when in small quantities by colorimetric method by 
F. L. Hahn (Z. angew. Chem., 1926, 39, 451) and when in large 
quantities by the usua! precipitation method. 

In other cases as the pure components melt without decom- 
position, proper amounts of each were weighed, and were ground 
well in an agate mortar. Portion of the mixture was placed ina 
hard glass tube which was sealed and was heated in an electric 
furnace. When the mixture melted, the melt was cooled gradually 
by lowering the temperature of the furnace and finally kept for 6 
hours at about 30-40° below the temperature of solidification. The 
melt was then quenched to the room temperature, for, otherwise if 
the molten mixture be cooled slowly after solidification the solid 
solutions decompose. The quenched mass was kept along with the 
mechanical mixture in a vacuum desiccator. The percentage compo- 
sition of the constituents both in the mixture and solid solutions 
was determined by the usual method and the amounts of the 
constituents both in the solid solution and the mixture were found to 
be the same. 

The magnetic susceptibility of solid solutions as well as of the 
mixtures was determined by a magnetic balance of the Wilson type 
(Proc. Roy. Soc., 1920, A, 96, 429). The substance contained in a 
small glass tube hooked to an arm of the very light glass system, 
was suspended in a non-homogeneous magnetic field by a fine quartz 
fibre. The force exerted by the field was balanced by the torsion of 
the suspension and read off from a graduated head. The susceptibi- 
lity of the sample is calculated by the formula of Oxley (Proc. Roy. 
Soc., 1922, A, 101, 264). 


ne 1 =. D-D, 
— # r,M,+ (x,m,—%_mM,) D,=p_ | 
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where zx = susceptibility of the specimen, 
M = mass of the specimen in grams, 
2_ = specific susceptibility of air (210 x 10-7), 
M, = mass of air filling the same volume as the specimen, 
2» = specific susceptibility of water, 
m, = mass of water filling the same volume as the specimen, 
m, = mass of air filling the same volume as water, 
D = torsion due to specimen tube specimen, 
D, = torsion due to specimen tube alone, 
D, = torsion due to specimen tube comparison substance 
(water). 


Pure water, which has a mass susceptibility at ordinary tempera- 
tures of —7°2x10-7 (Wills, Phys. Rev., 1905, 20, 158), was used as 
the comparison substance in all determinations. 

Susceptibility of the pure salts.—The mass susceptibility of the 
salts from which the solid solutions were prepared are given in Table 
I, and for comparison the values from International Critical Tables 
are added, 


TABLE I. 
Salt. Mass suscep- International Kiyoshi Kido _ Bhatnagar. 
tibility x10’. critical tables «x10’, Mathur inter 
x x 107. ference bs- 
lance, zx 107, 
Potassium chloride ; —5°049 —5'16 —4'81 —5°03L 
Sodium chloride —4°888 - —4°99 —5°06- —4°902 
Potassium bromide —3°702 -3°77 —4°04 ~ —8°706 
Sodium bromide —3°568 —4°70 —4°20 —3°510 
Potassium perchlorate —2°877 —_ : _ _ 
Potassium permanganate +1°82 +1°80 — = 


The susceptibility of the salts has been determined at various 
times by different workers and recently by Kiyoshi Kido -(Sci. 
Rep. Tohoku Imp. Univ., 1932, 21, 149). The values differ 
because the information about the purity and state of hydration of 
salts is insufficient. The values of these salts, therefore, were checked 
on the Bhatnagar-Mathur magnetic interference balance set up in 
this laboratory “and the values obtained are given in the last column 
of Table I. 
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Potassium perchlorate—potassium permanganate system.—The 
change of susceptibility with composition of the solid solution and 
that of mechanical mixture is shown in Fig. 1 and the values are 
tabulated in Table II 


Fie. 1. 
KMnO,—KCIO, System, 




















+2°0 
| 
+1075 
= 0 ~ . 
= 70 80 90 100 
> fe of AMnO, 
= 
S , 
S -10/] 
—D 
—2°07 
] 
-3°0] 
©= Susceptibility of sclid soln. 
= a » mixture 
TaBLe II. 
Mass susceptibility x 107. 
Spe:iwer. % of Mechanical mixture. Solid solution. 
KMo(,, 
: Cal. Observed. 
KMn0O, 100 +1°30 + 1°82 = 
A 88 + 1°256 +1°347 +1°321 
B 74 +0 5987 +0 641 + 0°622 
3 Cc 60 —0°0588 No effect No effect 
D 39 —1°0451 —112 —0 95 
E 27 —1°6028 —1 60 — 1°60 
F 14°6 —2°1912 —2°157 —2°172 
G 5 —2°6421 —2°6401 —2°632 
KC1O0, 0 _ —2°877 
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The susceptibility—composition curve for the solid solutions of 
potassium permanganate—potassium perchlorate follows practically a 
linear course like that of the mixture. Therefore the susceptibility 
of potassium perchlorate—potassium permanganate mixed crystals 
may be calculated approximately by the mixture law from the values 
of the constituents and the composition of mixed crystals. 

Potassium chloride—potassium bromide, sodium chloride—Potas- 
sium chloride and potassium bromide—sodium bromide systems.—The 
susceptibility values for potassium chloride—potassium bromide, 
sodium chloride—potassium chloride, sodium bromide—potassium 
bromide solid solutions and those of mixtures are given in Tables III, 
IV and V. Curves have been plotted for the systems sodium 
chloride—potassium chloride and sodium bromide—potassium bro- 
mide and are shown in Figs. 2 and 3. 


Fie. 2. 
KCl-NaCl System. 
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NaBr—KBr System. 


G. 3. 
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O- » 9» mixture (observed). 
Tasie ITI. 
Potassium chloride—potassium bromide System. 
Molecular susceptibility x 10? 
Mol. % ” 
Specimen. KBr Mechanical mixture. Solid 
Calculated. Observed. solution. 
KBr 100 —440°3 
— 433°93 —434°2 —434'9 
—427°56 —428'3 —431°7 
—421°19 —421°9 —428°3 
—418°00 —417°7 —422°9 
—404°0 —408°5 —408°8 
—397°5 —395°5 —395°7 
— 882°97 —383°0 —383°1 
—376'6 
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TABLE IV. 
Potassium Chloride—Sodium Chloride System. 


Molecular susceptibility x 10? 
Mol. % Difference 
Specimen. KCl Mechanica! mixture. Solid 
solution. 
Calculated. Observed. 


KCl 100 jee —376°6 
A 93 —370°2 — 869'4 — 870-1 (“7 
80 — 358°4 —357°5 —365°7 82 
Cc 65 —344°71 — 335°4 — 360°0 20°6 
D 50 —331°3 —325°4 —352°0 26°6 
E 35 —316°8 —315°9 — 338°6 22°7 
F 20 — 304°12 — 303°5 —310°1 66 
G 10 — 295 °06 —294°4 
NaCil 0 io — 286°6 
TABLE V. 


Potassium bromide—Sodium Bromide System. 


Melecular susceptibility x 10? 


c Mol. % Difference. 
— of KBr. Mechanical! mixture Solid 
solution. 
Calculated. Observed. 
KBr. ' 100 —4410 3 
A 80 — 425°66 — 426 — 437°2 11°20 
j B 70 —418°34 — 418°2 —434°1 15°9 
Cc ' 65 —414°68 —414°7 — 432°0 17°3 
D 50 + 403°70 —407°0 —427°7 27°7 
E 40 —396°90 — 398°5 1, @417°5 19°0 
F 35 — 394°50 —396°0 ., —414°2) 5 + 182 
‘ G 10 —374°42 — 376°0 — 388°7 12°2 
NaBr 0 —367°1 


The susceptibility-composition curve of the solid solutions in 
case of potassium chloride—sodium chloride and potassium bromide 
+-sodium bromide passes through a maximum and the maxjmum 
in; both the cases is at 50%, composition. The curve in the case of 
potassium chloride—potassium bromide is very slightly curved with 
a maximum at 70% composition potassium bromide. 
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Results. 


From the results given in Tables I (o V, we can arrive at the 
following conclusions: (1) the susceptibility-concentration curve of 
a system of solid solution may follow a linear course, or (2) it may 
pass through a maximum. 


In potassium perchlorate—potassium permanganate system, which 
isa true isomorphous system, the  susceptibility-concentration 
curve is practically a straight line. This is what is expected because 
the truly isomorphous substances are those in which the physical 
properties are continuous functions of the percentage composition 
of the constituents (Retger’s law) and the magnetic susceptibility 
would thus naturally be expected to follow the Retger’s law. 


In potassium chloride— potassium bromide, sodium chloride— 
potassium chloride and sodium bromide—potassium bromide systems, 
it is found that the suspectibility concentration curve passes through 
a maximum. The maximum in the system potassium chloride— 
potassium ‘bromide is at 70 per cent. molecular composition of potas- 
sium bromide and in the systems sodium chloride —potassium 
chloride, sodium ‘bromide—potassium bromide, the maximum .lies 
at 50 per cent. 


If the freezing point curves for potassium chloride — potassium 
bromide (Amadori U. Pampanini: Rend. Line., 1911, (5), 20, ii, 572) 
potassium cbloride—sodium chloride and potassium, bromide—sodium 
bromide (Kurankow and Zemezuznyj, Z. anorg, Chem., 1907, 52, 186), 
systems be studied, they can be classed among that, type of solid solu- 
tions in which the freezing, point curve passes through a minimum, 
and that point in potassium chloride — potassium bromide system js at 


70 per cent. molecular composition of potassium bromide and in sodium 


chloride—pctassium chloride, potassium bromide—sodium. , bromide 
systems is at 50 p.c. molecular composition. Thus we observe that the 
solid soiutions having percentage composition for which the melting 
point is a minimum, has the maximum magnetic susceptibility for 
that very composition. This fact is not true in case of salt solutions 
only but is also true,of metallic solutions like that of copper-gold 
where we find that magnetic susceptibility-concentration curve has a 
maximum whereas, the freezing point curve passes through a 
minimum. 
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This suggests a possible correlation of the heat of formation of 
different systems with the magnetic susceptibilities of the systems. 
For example, Table VI shows the heat of formation and the suscepti- 
bility of solid solution of that percentage composition which has a 
maximum value. 


TaB.e VI. 
System. Molecular per cent. Suspectibility Heat of Reference. 
composition. curve. formation. 
KClOy-KMn0O, men Linear 0 Cals. Sommerfeld ! 
. KCI-KBr 70 % KBr Curved 220 Bruni and Ama- 
dori ;2 M.M. Popov, 
A. Buedel and V. 
Choller.3 
KBr-NaBr 50 % KBr Curved 1400 Kurnakow and 
Zemezuczpj 4 
KCl-NaCl 50% KCl Curved 2100 do 


From the results tabulated above, it is clear that the greater 
heat of formation of the solid solution is synonymous with the 
greater magnetic susceptibility of the system. When the heat of 
formation of the system is zero, the susceptibility-concentration 
curve of that system follows a linear course. 


1, Z. Phys. Chem., 1901, 36, 754. 

2. Atti. ist. Veneto., 1911, i¢.71, 51. 

3, Z. Phys. Chem., Ab. A.. 1930, 137, 302. 
4, Z. anorg. Chem., 1907, 52, 186, 
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The Interaction of s-p-Carbethoxyphenylalkylthioca- 
rbamides with Bromine and a Note on the Effect 
of the isoButyl group on Hydrotribromide 
Formation in 1-Alkylaminobenzthiazoles. 


By Rospert Fercus Hunter anp Epwin Ricsarp ParRKEN. 


In the course of an investigation on the effect of meta-directive 
substituents on the mobility of semi-cyclic amidines (cf. Hunter and 
Jones, J. Chem. Soc., 1930, 2190), it appeared of interest to examine 
the bromination of certain s-p-carbethoxoyphenylalkylthiocarbamides 
(I) in relation to the capacity of the corresponding alkylaminobenz- 
thiazoles (II) for polybromideion formation. 


AN 
CO Et | Sy CO,Et/\ SS 
N wa? NHR 7 >C'NHR 


(I) 4 | 
/\N 
CO,Et ( (11) 
| pone e 
\A\N Brg 
(III) 


On treatment with bromine in chloroform under conditions in 
which arylthiocarbamides normally undergo thiazole cyclisation with 
elimination of hydrogen bromide, 8-p-carbethoryphenylmethylthio- 
carbamide (I, R=Me) gaverise to a well-defined hydrotribromide 
of ethyl-1-methylaminobenzthiazole-5-carboxylate (III), which yielded 
the aminobenzthiazole (II, R=Me) on reduction with sulphurous acid 
in the usual way (Hunter, J. Chem. Soc., 1925, 127, 2028, 2270; 
1926, 1885, and later). Unlike the hydroperbromides of 1-amino-5- 
methylbenzthiazole (Hunter, loc. cit.), 1-methylamino-5-methylben- 
zthiazole (Hunter and Jones, loc. cit.), and 6-chloro-l-methylamino- 
benzthiazole (Dyson, Hunter, Jones, and Styles, J. Indian. Chem. 
Soc., 1931, 8, 148), however, this bromo-addition compound did not 
undergo nuclear substitution in aqueous alcoholic solution. 
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It might have been anticipated on a priori grounds that the 
presence of the meta-directive carbethoxy group in the 5-position of 
the benzthiazole system would cause substitution at the carbon atom 
(3), and this therefore provides a further example of the fact that 
meta-directive grounds do not really favour meta, substitution, but 
rather that they favour o-p-substitution less, This is of course 
embodied ia the general conception (Ingold, Annual Reports of the 
Chemical Society, 1926, 134) that meta substitution is a residual 
effect produced by the disappearance of free affinity from the 0-p- 
positions. 

Both s8-p-carbethoryphenylethylthiocarbamide and s-p-carbethory- 
phenylisobutylthiocarbamide (I, R=Et, and iso-C,Hg respectively) 
behaved similarly to the methylthiocarbamide, and yielded well de- 
fined hydrotribromides of the corresponding alkylaminobenzthiazoles 
on bromination under the usual conditions. 

The s p-carbethoxyphenylalkylthiocarbamides therefore differ from 
other p-substituted phenylalkylthiocarbamides in that the bromina- 
tion of both the methyl and the isobutyl, derivatives gives rise to 
hydrotribromides (cf. Dyson, Hunter, Jones and Styles, loc. cit.). 

The effect of the isobutyl group in promoting hydrotribromide 
formation in l-alkylaminobenzthiazoles appears noteworthy since s- 
phenylisobutylthiocarbamide itself gives rise to the hydrotribromide 
of 1-isobutylaminobenzthiazole on bromination in chloroform (Hunter, 
J. Chem. Soc., 1926, 2951). Moreover, a reinvestigation of the 
bromination of s-p-bromophenylalkylthiocarbamides (Hunter and 
Soyka, J. Chem. Soc., 1926, 2958) which will be published in the 
near future, has shown that the careful bromination of s-p-bromo- 
phenylisobutylthiocarbamide gives rise to an unstable hydrotribromide 
of 5-bromo-l-isobutylaminobenzthiazole which undergoes dissociation 
into the stable ‘‘dibromide’’ described in 1926, and bromine. 


EXPERIMENTAL. 


The thiocarbony! chloride used in these experiments was prepared 
from carbon disulphide by way of thiocarbonyl perchloride, which 
was obtained by passing chlorine from a cylinder through a solution 
of |. g. of iodine in 1000 c. c. of carbon disulphide in the apparatus 
already described (Dyson and Hunter, J. Soc. Chem. Ind., 1926, 45, 
8lr), until a gain in weight of 25 p.c. was observed. The sulphur 
chloride was decomposed by steam in the usual way, and the thio- 
carbonyl perchloride isolated by distillation. 
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Attempts to replace granulated tin and hydrochloric acid by zinc 
and hydrochloric acid in the reduction of the perchloride again 
proved unsuccessful. This is doubtless due to the fact that the 
former reagent carries the reduction beyond the thiophosgene stage. 
The yield of thiocarbony! chloride obtained in this way, after redistil- 
tion was usually of the order of 25 p. c.; b. p. 72-75°/760 mm. 

p-Carbethoryphenylthiocarbimide was prepared by gradually add- 
ing a solution of ethyl-p-aminobenzoate (| mol.) in chloroform, to a 
well stirred suspension of thiocarbony! chloride (1°3 mols.) in water 
(10 vols.) at 15-20°. The chloroform layer was then separated and 
the excess of thiocarbony]! chloride distilled off along with the solvent 
from a water-bath, and the product recrystallised from dilute alcohol. 
The thiocarbimide formed very pale yellow glistening plates with the 
odour of aniseed, m. p. 58°, yield 70-80 p. c. 

8-p-Carbethoryphenylmethylthiocarbamide.—5 G. of p carbethoxy- 
phenylthiocarbimide in alcohol (30 c. c.) were treated with 30 p. c. 
excess of a solution (33 p. c.) of methylamine in the same solvent, 
and the mixture was kept for a short time and then boiled for a few 
minutes. The solution was cooled and kept for 3 hours and the 
product recrystallised from absolute alcohol when the thiocarbamide 
formed aggregates of needles, m. p. 147-48°, yield 80-90 p. c. 
(Found: 8, 13°6. C,,H,,02N.S8 requires S, 13°4 per cent.). 

Ethyl-1-methylaminobenzthiazole-5-carborylate hydrotribromide. 
—l G. of s-p-carbethoxyphenylmethylthiocarbamide in chloroform (10 
c.c.) was treated with bromine (1 c.c. in 1 ¢.c. of the same solvent), 
and the mixture was heated on a water-bath under reflux for 10 
minutes, when hydrogen bromide was freely evolved. The solution was 
transferred to a glass basin and concentrated under reduced pressure 
at laboratory temperature, when a red gum was obtained which 
crystallised on scratching with a glass rod. The hydrotribromide 
formed smal! orange crystals which were crushed on porous earthen- 
ware and dried in a vacuum over potassium hydroxide and calcium 
chloride, m.p. 187-38° (decomp.). [Found: Br (total), 50-8; Br 
(labile), 34-0. C,,H,gOgN,.8, HBr(Brg) requires Br (total), 50:3; 
Br (labile), 33:5 per cent.]. The hydrotribromide dissolved in 
alcohol giving a yellow solution, which evolved aldehyde after being 
diluted with water and boiled. On concentration this yielded a 
hydrobromide, which on basification with ammonia gave ethyl-1- 
methylaminobenzthiazole-5-carboxylate, identical with that obtained 
by reduction of the hydrotribromide with sulphurous acid. 
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Ethyl-1-methylaminobenzthiazole-5-carboxylate.—The —_hydrotri- 
bromide (1 g.) was suspended in sulphurous acid (100 c.c.) and 
sulphur dioxide was passed through the mixture until a clear solution 
was obtained. On basification with ammonia ethyl-1-methylamino- 
benzthiazole was obtained, which separated from  alcohol-ethy! 
acetate in glistening plates, m.p. 169°. (Found: 8, 13°6. C,,Hyj¢9- 
OgN.S requires S, 13-6 per cent.). The acetyl derivative, obtained 
by heating a solution of the base in acetic anhydride for a few 
minutes and diluting with alcohol, separated from methy! alcohol in 
white prisms, m.p. 174°. (Found: 8, 11:6. C,,;H,,0,N,8 requires 
S, 11-5 per cent.). 

1-Methylaminobenzthiazole-5-carbozylate.—A solution of ethyl- 
1-methylaminobenzthiazole-5-carboxylate in concentrated hydroch- 
loric acid was heated under reflux on a sand-bath for 40 minutes, 
when the sparingly soluble acid separated as a fine precipitate which 
was collected and recrystallised from a large volume of boiling 
alcohol-ethy] acetate. The carboxylic acid formed small fine white 
crystals, which were readily soluble in alkalis, and which were 
unmelted at 298°. (Found: 8, 16:1. CgHgO,gN.S requires §8, 
15:4 per cent.). 

s-p-Carbethozyphenylethylthiocarbamide.—The solution obtained 
from p-carbethoxyphenylthiocarbimide (3 g.), absolute alcohol (15c.c.) 
and 3-5 c.c. of a 33 p. c. solution of ethylamine in water did not 
crystallise after being heated to boiling point and kept for 3 
hours. On concentration and recrystallisation from absolute alcohol, 
the ethylthiocarbamide was obtained in smal! glistening needles, m.p. 
89°. (Found: 8, 12°4. C,gH;¢0,N,8 requires 8S, 12-7 per cent.). 

Ethyl-1-ethylaminobenzthiazole-5-carbozylate hydrotribromide.— 
s-p-Carbethoxyphenylethylthiocarbamide (0°9 g.) in chloroform (8 
c.c.) was treated with bromine (0-9 c.c. in 1 c.c. of chloroform) and 
the mixture was heated for 10 minutes under reflux. The red 
solution was concentrated in a vacuum until crystallisation took 
place. The hydrotribromide formed small orange red crystals which 
had m.p. 108-04° (decomp.) after drying. [Found: Br (total), 48-8; 
Br (labile), 81:7. CygH,,0,N.S, HBr (Brg) requires Br (total), 
48°9; Br (labile), 32-6 per cent. }. 

Ethyl-1-ethylaminobenzthiazole-5-carboxylate.—The hydrotribro- 
mide was added to a large volume of sulphurous acid and. sulphur 
dioxide was passed through the mixture until reduction was complete. 
On basification of the filtered solution with ammonia, the base was 
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obtained, which crystallised from methy! alcohol in smal! glistening 
plates, m.p. 160-51°. (Found: 8, 15:1. C,gH,,0,N,.8 requires 8, 
15-0 per cent.). 

8-p-Carbethoxyphenylisobutylthiocarbamide.—The thiocarbimide (2 
g-) in absolute alcohol (10 c.c.) was treated with a 33 p. c. 
solution of isobutylamine in water (2°5 c.c.) and the solution was 
boiled and cooled. The isobutylthiocarbamide separated from alcohol 
in glistening needles, m.p. 107-08°. (Found: 8, 11:6. C,H O¢- 
N,8 requires 8, 11:4 per cent.). 

Ethyl-1-isobutylaminobenzthiazole-5-carboxylate hydrotribromide.— 
Asolution of the carbethoxyphenylisobutylthiocarbamide (1-5 g.) in 
chloroform (6 c.c.) was treated with bromine (1°5 c.c. diluted with 
lc.c. of chloroform) and the solution was heated under reflux for 
10 minutes, cooled, and concentrated under reduced pressure at 
laboratory temperature. The hydrotribromide crystallised on keeping 
in an evacuated desiccator over potassium hydroxide, for some hours 
and scratching with a glass rod, and formed orange crystals, m.p. 
92-94° (softening at 90°) after being dried in the usual way. [Found: 
Br (total), 47°16; Br (labile), 29-6. C,,H,,0,N,8, HBr(Brg) 
requires Br (total), 46-3; Br (labile), 28-9 per cent. ]. 

Ethyl-1-isobutylaminobensthiazole-5-carborylate was obtained by 
reduction of the hydrotribromide with sulphurous acid and sulphur 
dioxide as in the previous case, and separated from methy! alcohol in 
small glistening crystals, m.p. 183-34°. (Found: 8, 11:4. 
C,4H1g02NQ5 requires 8, 11-5 per cent.). 
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Rotatory Powers of some Substituted Camphoranilic 
Acids and Camphorophenyl! Imides. 


By Manan SINGH AND RaTTan CHAND BHALLA. 


It has been stated by Rule (J. Chem. Soc., 1924, 125, 1127), 
that groups of like polarity reinforce each other in the ortho-position 
whilst the introduction of a positive and a negative group both of 
marked polarity leaves the rotation of unsubstituted compounds 
unaltered. This is supported by the case of the menthyl esters of 
o-disubstituted benzoic acid prepared by Cohen (J. Chem. Soc., 1914, 
105, 1892). Singh and Singh (J. Chem. Soc., 1931, 478) have 
prepared some disubstituted camphoranilic acids and have deter- 
mined their rotatory powers in various solvents. They have shown 
that groups of the same polarity reinforce each other when they are 
in the para-position with respect to one another; for instance 2/: /- 
dimethyleamphoranilic acid and 5/-nitro-2'/-methylcamphoranilic acid 
exceed any of their respective isomerides in rotatory power. Again 
groups of opposite polarity neutralise each other’s effect when 
present in para-position. The rotatory power of 5/-nitro-2’-methoxy- 
camphoranilic acid is practically the same as that of the unsubsti- 
tuted compound (loc. cit.). The work has been extended to other 
disubstituted camphoranilic acids and camphoro—disubstituted 
phenylimides. The following acids and their imides have been 
prepared: 2/:4/-and 3/:5/-dimethyl-, 2’: 4/-dichloro-, 2’: 5/-methoxy-, 
3/-methoxy- and 3/-ethoxycamphoranilic acids. The nitration of 
2’- and 3/-methyleamphoranilic acids and 2/- methoxy- and 2/-ethoxy- 
camphoranilic acids has been carried out by the method 
described in the experimental part. 2’-Methylcamphoranilic acid on 
nitration gives 4/-ntiro-2/-methyleamphoranilic acid as this subs- 
tance is identical with the condensation product of camphoric 
anbydride with m-nitro-o-toluidine, CgH,;CH;"NH,'NO, (1:2:5). 
The two compounds have practically the same rotatory power (vide 
infra and J. Chem. Soc., 1931, 480). Similarly 2’-methoxy- 
camphoranilic acid on nitration gives 4/-nitro-2/-methoxycamphoranilic 
acid. Both have feeble rotatory power in all the four solvents 
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examined (vide infra and loc,cit.). The following table records the 
rotatory powers of some camphoranilic acids and the nitro derivatives 


of a few. 

TABLE I. 

[M}, 
Substituents. MeOH. EtOH. Me,OH. MeEtCoO, 
9’-CH; si a. 146 144 98 
3’.CHy - . 140 118 89 
4’-CBy sie ws 167 144 120 
2’: 4’-Dimethy] «- 163 160°9 117 107 
8’: 6’-Dimethy! oe 1 126 83°6 84 
2’-CH3-4’-Nitro coe «=O 90 _ 74 
3’-CH3-2’-Nitro we 149 —25 —26 -17 
%-OCH; _... — 98 -16 -10 
2’-OCH;-4’-Nitro can Feeble rotation in all solvents. 
Q-OCg05 sxe « = —62 —90 —89 
2’-0C30;-4’-Nitro oo. 48 —41°8 —32 —3l 


A glance at the table will show that the optical rotatory power of 
3/ :5/-dimethylcamphoranilic acid is practically the same as that of 
the 3/-methylcamphoranilic acid. Again 2/:4/-dimethylcamphoranilic 
acid has practically the same rotation as that of the 4/-methy]- 
camphoranilic acid except in the case of ethyl alcohol where there 
is a slight increase. The substitution of another CH, group in the 
meta-position does not therefore bring about any change. 

Nitro group in the 4’-position has a depressing effect upon the 
rotatory power of the original compound. Thus 2/-methyl-4/-nitro-, 
2’-methoxy-4’-nitro-, and 2/-ethoxy-4/-nitro- have all lower values 
than the original compounds. 

The nitro group in the 2/-position in the case of 3/-methyl- 
2/-nitrocamphoranilic acid lowers the rotation accompanied by a 
reversal of sign but the effect is not so marked as in the case of 
4'-methy]-2/-nitrocamphoranilic acid (J. Chem. Soc., 1931, 480) where 
the groups are present in the meta-position with respect to one 
another. 

Table II records the molecular rotatory powers of 2’-methoxy-, 
8’-methoxy-, and 2/:5/-methoxycamphoranilic acids. 








Solvent. 


MeOH 


EtOH 


Me,CO 


MeEtCO 


ROTATORY POWERS ETC. 


3’-OCH3. 


151°6 
(120) 


127°5 
(181) 


TABLE II. 
[M ], 
2’-OCH3. 
30 
28 
—16 


—10 


99°7 
(101 ) 
96°7 
(-) 
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2’: 5’-OCH3. 
91°7 


67°3 
430 


44°0 


3/-Methoxycamphoranilic acid has the same values of rotatory power 


as the unsubstituted compound. 


(The values of the rotatory power 


of the latter are shown in parentheses in Table II). The OCH, 
group in the 2’/-position lowers the values but the effect is not so 
marked in 2/:5’-dimethoxy-, as in the case of the 2’-methoxycam- 


phoranilic acid. 


The following table gives the values of 2/-chloro-, 4/-chloro-, and 


Solvent. 
MeOH 
EtOH 
Me,CO 
MeEtCO 


TaBLe III. 
[M],, 
2’-Chloro. 
57'8 
35°6 : 
—40°3 
— 26°6 


. 2’ :4'-dichlorocamphoranilic acids in four solvents. 


4’.Chloro. 


183°0 
158°7 
119°0 
150°3 


2’:4’.Chloro. 


86°6 
87°4 
feeble positive 
do 


The chlorine atom in 2’-position has a depressing effect on the 
rotatory power of the original compound. 


EXPERIMENTAL. 


Condensation of Camphoric Anhydride with Substituted Amines. 


Camphoric anhydride and the amine (equal mols.) were heated 
together with fused sodium acetate at 140-45° for 3-4 hours. The 
product was dissolved in 90 p.c. alcohol, precipitated, extracted with 
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a dilute solution of alkali to remove any imide, acidified, and 
crystallised from alcohol. The following acids were prepared : 

3/:5/-Dimethylcamphoranilic acid crystallised from alcohol in 
silky needles, m.p. 214-15°. (Found: N, 4°63; Eq. wt., 804. Cy,,- 
H,,;0;N requires N, 4°6 per cent. Eq. wt., 303). 

The imide is also formed to the extent of about 10 per cent. 

2':4'-Dimethylcamphoranilic acid was obtained as a crystalline 
mass, m.p. 220:— 21°. (Found: N, 4°64; Eq. wt., 304°7. C;gH»;03N 
requires N, 4°6 per cent. Eq. wt., 303). 

2’ :4'-Dichlorocamphoranilic acid crystallised from dilute alcohol 
in white crystals, m.p. 200-01°, yield 30 p.c. (Found: N,32; Eq. 
wt., 341°5. C, gH) 903NClg requires N, 3°15 per cent. Eq. wt., 344). 
The acid is soluble in the usual organic solvents. 

2':5'-Dimethoxycamphoranilic acid crystallised from alcohol in 
fine needles with a pink tinge, m.p. 137-39°, yield of the acid is 
almost quantitative. (Found: N, 4°24; Eq. wt., 331. C;gH,,0;N 
requires N, 4°18 percent. Eq. wt., 335). 

3!-Methoxycamphoranilic acid crystallised from 50 p.c. alcohol 
in white needles, m.p. 18€°5°, yield 75 p.c. (approx.). (Found: 
N, 4°63; Eq. wt., 305°3. C,;,H,,0,N requires N, 4°57 per cent. 
Eq. wt., 305). 

3'-Ethorycamphoranilic acid crystallised from dilute alcohol in 
white needles, m.p. 168°, yield 80 p.c. (epprox.). (Found: N, 4°48; 
Eq. wt., 319. C;gH»,,;0,N requires N, 4°38 per cent. Eq., wt., 319). 

Camphoric anhydride could not be condensed with 2:5-dichloro- 
aniline. 

Camphoro-2!' :4!-dichlorophenyl imide crystallised from dilute 
alcohol to colourless crystals, m.p. 62°5°, yieid 20 p.c. (approx.). 
(Found: N, 4°35. C,gH,;ONCl, requires N, 4°29 per cent.). 

Camphoro-2!:5'-dimethoxyphenyl imide crystallised from dilute 
alcohol in colourless crystals, m.p. 111-12°, yield 75 p.c. (approx.) 
(acid, m.p. 187-39°). (Found: N, 4°5. C;gHg3;0,N requires N, 4°41 
per cent.). 

Camphoro-m-methoxyphenyl imide crystallised from alcohol in 
colourless crystals, m.p. 121-23°, yield 75 p.c. (approx.). (Found: 
N, 5°0. C,;H,2,03N requires N, 4°88 per cent.). 

Camphoro-m-ethoxyphenyl imide crystallised from dilute alcohol 
in colourless crystalline mass, m.p. 93-95°. The yield is comparatively 
less in this case, 50 p.c. (Found: N, 4°89. C,g,H,;0;N requires 
N, 4°65 per cent.). 
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Camphoro-2':6/-dimethylphenyl imide crystallised from dilute 
alcohol in a crystalline colourless product, m.p. 154-55°. (acid, m.p. 
236-38°), yield 80 p.c. (approx.). (Found: N, 6°0. C);gH»30,N 
requires N, 4°91 per cent.). 


Nitration of Camphoranilic Acids. 


To a mixture of fuming nitric acid (10¢.c.) and glacial acetic 
acid (8 c.c.) 3 g. of the compound were gradually added. The clear 
solution obtained after 5-10 minutes was kept 4 hour and then 
poured on crushed ice. The precipitate obtained was crystallised 
from alcohol. 

2!-Methoxy-4! nitrocamphoranilic acid.—The reaction mixture was 
added drop by drop into ice-cold water, otherwise a large amount of 
resinous matter was obtained. Crystallised from dilute alcohol in 
pale yellow crystals, m.p. 182-84°. (Found: N, 8°28. C,,;H g,0,N¢ 
requires N, 8°0 per cent.). 

This compound is identical with the condensation product of 
camphoric anhydride with m-nitro-o-anisdine CgH,"OCH,*NH,*NO, 
(1:2:5) prepared by Singh and Singh (loc. cit.). They give the 
melting point 185-86°. Both have feeble rotations, the former 
having [a], , 5°7 and the latter [a], , 5:0 in methylethy! ketone. 


2'-Ethozry-4'!-nitrocamphoric acid.—This was similarly poured into 
cold water and crystallised in yellow coloured bars from dilute alco- 
hol, m.p. 171-73°. (Found: N, 8°0. CygHeggOgNo requires N, 7°7 
per cent.). 

2'-Methyl-4'-nitrocamphoranilic acid.—The reaction mixture on 
being poured into ice, separated as a resinous matter which on 
crystallisation from dilute alcohol gave brownish yellow needles, m.p. 
226-28°. (Found: N, 8°5. C,;He,0;Neq requires N, 8 38 per 
cent.). 

The nitration product of 2/-methyleamphoranilic acid is identical 
with 2/-methyl-4/-nitrocamphoranilic acid obtained by Singh and 
Singh by condensing camphoric anhydride with m-nitro-o-toluidine 
(loc. cit... They give the m.p. 229-30°, and the following 
values for rotatory powers [a], , in methyl alcohol, 29°1°; ethyl 
alcohol, 24° ; and methylethyl ketone, 23°. The values of the sub- 
stance prepared by the authors for the same solvents are 27°6°, 27° 
and 22°4°, 

3!-Methyl-2! (or 6/)-nitrocamphoranilic acid,—The reaction product 
was poured into ice. It was crystallised from dilute alcohol in yellow 
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8°38 per cent.). 
Rotatory. Powers of Mono-and Disubstituted Camphoranilic Acids 
and Imides. 


Solvent. 


MeOH 
EtOH 
Me,CO 
MeEtCO 


MeOH 
EtOH 
Me,CO 
MeEtCO 


MeOH 
EtOH 
Me;CO 
MeEtCO 


MeOH 
EtOH 
Me3CO 
MeEtCO 


anilic acid. 


Cone. [M],, 
g/25c.c. 
0°1780 163° 
0°1813 160°9 
01734 117°5 


0°2196 107°0 


3’-Methyl 6’-nitro- 
camphoranilic acid. 


0°1670 — 14°99 
0°1492 — 25°18 
0°1920 — 26°12 
0°1858 —17°26 


2’ : 5’-Dimethoxy- 


camphoranilic acid. 


03215 91°74 
0°3488 67°3 
0 3015 43°0 
0°2160 44°0 


TaBLE IV. 


2’ : 4’-Dimethyleamphor- 3’ : 5’-Dimethyleamphor- 


anilic acid, 


Conc. [M] 
g/2ic.c. ° 
0°2034 135 7° 
0°2248 126°3 
0°1989 83°6 
0°1574 84°2 


2’-Methoxy-4’-nitro- 
camphoranilic acid. 


Shows feeble 
rotatory power 
in all the solvents. 


2’ : 4’-Dichloro- 
camphoranilic acid. 


0°1932 86°6 
0°1572 87°4 


Feeble rotations. 


3’-Ethoxycamphor- Camphoro-2’ : 5’-dimethoxy- 


avilic acid. 
0°2096 159°5 
0°2205 147°0 
0'2055 104°7 


0°2487 109°0 


phenyl imide. 
0°2040 34°9 
0°2136 29°5 


(Found: N, 84. C,;;He.O,N, requires N, 


2’.Methyl-4’-nitro- 


camphoranilic acid. 


Conc. [M ‘. 
g/25c.c. 
0°1178 92 0° 
0°1482 901 
0°1784 74°8 


2’-Ethoxy-4’-nitro- 
camphoranilic acid. 


0°2532 — 48°48 
0°3264 — 41°86 
0°4125 — 31°99 
0°3672 — 30°97 


3’-Methoxy- 
camphoranilic acid. 
0°2675 151°6 
0°2238 127.5 
0°2291 99°7 
0°2169 99°7 


Camphoro-3’-methoxy- 


pheny] imide. 
0°2306 38°75 
0°1937 42°48 
0°2156 39°90 
0°2195 37°33 
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TaBLe IV. (Contd.) 


Solvent. Camphoro-3’-ethoxy- Comphoro-2’ : 6’-dimethyl- 
phenyl imide. phenyl imide 

MeOH 0 2040 62°6 0°2137 46°8 

EtOH 0°2126 58°3 02175 45°8 

Me3CO 071912 43°1 0°2152 37°9 

MeEtCO 0°1550 38°84 0°2184 39°0 


The readings were taken in a 2 dem. tube within half hour of 
making up the solution. There was no mutarotation. ‘Temperature 
of the room was 19-20°. 


Summary. 


A number of new monosubstituted and disubstituted camphor- 
anilic acids have been prepared and their rotatory powers determined. 
It has been shown that a second CH, group in the meta-position does 
not alter the rotation of the original compound. Further nitro group 
in the 4’-position has a depressing effect on the rotatory power. Thus 
2/-methy!-4/-nitrocamphoranilic acid, 2/-methoxy-4/-nitrocamphoranilic 
acid and 2/-ethoxy-4’-nitrocaphoranilic acid have lower rotatory 
power than the original compound. 


Methoxy and chloro groups in the 2’-position have also depressing 
influence, as shown by the rotatory powers of 2’: 5/-dimethoxy-and 
2’: 4'-dichlorocamphoranilic acids. 


GovERNMENT C OLLEGE, 
Lawore. Received May 16, 1932. 
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Studies in Organo-arsenic Compounds. Part I. 
By Hrrenpra Nata Das-Gupta. 


The physiological activity of azo and bisazo compounds have been 
shown to be dependent on the following factors: (1) presence of 
—N=N-, (2) the capability of liberating salicylic acid or its simple 
derivative due to decomposition, ¢.g., Era chrome black or Chrys- 
amin, (3) presence of naphthalene nucleus which hastens the 
formation of skin, e.g., Biebrich scarlets, Scarlet R, etc., and (4) for 
trypanocidal activity, the terminals joining the azo groupings must 
contain naphthalene nucleus with sulphonic and amino groups 
(Nicolle and Mesnil, Ann. Inst. Pasteur., 1906, 20, 417). 

It has also been found that the media in which the coupling takes 
place, play an important réle so far as the trypanocidal activity is 
concerned. Thus the compounds obtained by coupling in acid 
medium, have very little or no action upon trypanosomes and if, 
however, the coupling is performed in alkaline solution, entirely 
different products are obtained leading almost invariably to the com- 
plete disappearance of the said bacillus. 

The compounds containing naphthalene ring described in this 
paper, although they do not contain amino group, are expected to 
have enhanced trypanocidal activity due to the presence of arsenic in 
place of amino group. The coupling was done in alkaline media. 
The following are the additional considerations that may be put for- 
ward in favour of the new series of compounds. Modern researches 
on the deseases due to the parasitic organism, have pointed out 
clearly the reason why large number of synthetic drugs, very active 
from theoretical considerations, failed to bring about the expected 
result. The reason, assigned to the failure of such cases, is that 
these classes of compounds cannot penetrate into the actual seat of 
the organism on account of the absence of lipolytic action. The 
compounds described in the paper, are expected to have the lypolytic 
properties due to the presence of naphthyl sulphonic acid residue 
(Twitchell’s reagent). 

The compounds had all been prepared by diazotising the different 
aminocoumarins and coupling them in alkaline media with naph- 
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thylsulphoarsinic acid. This latter compound was prepared by Hill 
and Balls (J. Amer. Chem. Soc., 1922, 44, 2051) by sulphonating 
naphthylarsinic acid, but the authors did not undertake to find out 
the exact position to which the sulphonic acid group entered the 
nucleus. Hence the nomenclature used throughout was a general 
one, without assigining any restricted position to any group. 

The compounds which are all yellow dissolve in alkali with a deep 
red colour and are precipitated by acids. The compounds were crys- 
tallised from glacial acetic acid. 


EXPERIMENTAL, 


Coumarin-6-azonaphthylsulphoarsinic acid.— Naphthylslupho- 
arsinic acid (4g.) was dissolved by stirring in 25 p.c. solution of 
sodium hydroxide. To this a few c.c. more of sodium hydroxide was 
added and was allowed to cool to 0° in an ice-bath. 6-Aminocou- 
marin (2 g.) was dissolved in a solution of hydrochloric acid (1 c.c. 
in 8c.c. water). The solution was heated and then filtered hot 
to free it from insoluble matters. The filtrate was cooled to 0° and 
to this powdered ice was added. The well-cooled solution was next 
diazotised with a solution of sodium nitrite (0°4 g. in 5 c.c. water). 
The resulting diazo solution was added with constant stirring to the 
aikaline solution of the sulphoarsinic acid kept at 0°. The whole 
was allowed to stand overnight and then filtered. The red solution 
was acidified with hydrochloric acid, which gave a yellow precipitate. 
This was separated, dried and then recrystallised from acetic acid in 
a yellow microcrystalline product, m.p. 185° (decomp.). The acid is 
insoluble in water but dissolves readily in caustic alkalis and alkaline 
carbonates. (Found: N, 5°45 ; As, 14°76. C}9H,;,0gNgSAs_ requires 
N, 5°55 ; As, 14°88 per cent.). 


7-Methylcoumarin-6-azonaphthylsulphoarsinic acid.— This was 
prepared in a similar way from 7-methyl-6-aminocoumarin as the 
previous one. The only precaution that was necessary was that the 
acid solution of the amino compound was treated with excess of 
pounded ice and the nitrite solution was added all atonce. The com- 
pound was precipitated as a dark brown mass as before with hydro- 
chloric acid and was recrystallised from acetic acid in yellow powder. 
It shrinks at 168° and decomposes at 235°. (Found ; N, 5°30 ; As, 
14°2. Cg9H,,0g,N.SAs requires N, 5°4 ; As, 14°4 per cent.). 
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4:7-Dimethylcoumarin-6-azonaphthylsulphoarsinic acid, prepared in 
a similar manner from 4 ; 7-dimethyl-6-aminocoumarin and naphthyl- 
sulphoarsinic acid, recrystallised from acetic acid in yellow micro- 
crystalline powder, m.p. 204° (decomp.). (Found: N, 5°18 ; As, 
13°85. Co,H,;OgNe SAs requires N, 5°2 ; As 14°09 per cent.). 

1 ; 2-a-Naphthapyrone-6-azonaphthylsulphoarsinic acid was pre- 
pared in a similar way from 6-amino-1 ;-2 a-naphthapyrone and naph- 
thylsulphoarsinic acid. The only modification that was necessary 
was that the diazotised solution was filtered cold before coupling. 
The compound was crystallised from acetic acid to a mass of yellow 
microcrystalline powder shrinking at 170°. (Found: N,4°7; As, 
12°98. Co,;H,,;0gNog SAs requires N, 5°05 ; As, 13°53 per cent.). 

4-Methyl-1 :2-a-naphthapyrone-6-azonaphthylsulphoarsinic acid.— 
The method of preparation of this compound is the same as the 
previous compounds. But as the hydrochloride of the base is sparing- 
ly soluble in water the diazotisation was effected in presence of excess 
of ice in suspended solution. The compound was crystallised from 
acetic acid in yellow powder, m.p. 162° (decomp.). (Found: N, 
46; As, 13°1. Cg,H,;70gNq SAs requires N, 4°99; As, 13°2 per 
cent.). 

My sincerest thanks are due to Dr. M. Goswami, for his keen 
interest and valuable suggestions and to the Directer of Public Ins- 
trustion, Bengal, for awarding me a Post Graduate Research Scholar- 
ship which has enabled me to undertake the work. 


DEPARTMENT OF AppLiED CHEMISTRY, 
University COLLEGE oF SciENCE AND 
TrecHNOLOGY, CALCUTTA, Received May 11, 1932. 




















Synthesis of Aloe-emodin. 
By P. C. Mitter anp DiLipKuMAR BANERJEE, 


Among the hydroxyanthraquinones occurring in nature, aloe- 
emodin, the active principle of aloes, rhubarb, etc., occupies a pecu- 
liar position, because of the presence of a carbinol group. The consti- 
tution of this substance has been determined by Oesterle and others 
(Arch. Pharm,, 1911, 249, 445) by converting it into chrysophanic 
acid by reduction and into rhein by oxidation. 

The authors have confirmed this constitution by actual synthesis, 
taking as the starting point rhein which has been already synthesised 
(Eder and Widmer, Helv. Chim. Acta, 1922, §, 3) and reducing it 
through the chloride and the aldehyde into the corresponding alcohol. 

In order to determine the conditions of the experiment, the authors 
reduced anthraquinone-f-carboxylic acid through the chloride into 
anthraquinone-8-aldehyde by the method of Rosenmund and his co- 
workers (Ber., 1918, §1, 585; 1921, §4, 425), using sulphurised quino- 
line as an anti-catalyst. The yield of aldehyde was, however, poor 
and it was subsequently found that the reaction goes on much _ better 
without any anti-catalyst. 

Anthraquinone-8-aldehyde could be successfully reduced to anthra- 
quinone-f-carbinol with hydrogen in presence of platinum oxide with 
ferrous chloride as promoter, according to the method of Roger Adams 
and his co-workers (J. Amer. Chem. Soc., 1922, 44, 1897 ; 1923, 46, 
1071, 2171 ; 1924, 46, 1675). 

The synthesis of aloe-emodin was accomplished; according to the 
following scheme. 


OH CO OH OAc CO OAc OAc CO OAc 
“ye ry F 4 
LJ a si | 
V4 COOH \ 008 AV/COCIl 
CO CO CO 
Rhein. Diacetylrhein. Diacetylrhein 


chloride. 
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OH CO OH OH CO OH 


“On?” OD 
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1 :8-Dihydroxy anthraquinone- «i 
3-aldehyde. 
EXPERIMENTAL. 


Anthraquinone-8-carboxylic acid chloride.—Anthraquinone-f-car- 
boxylic acid (5 g.), prepared by oxidising 8-methylanthraquinone with 
chromic acid in acetic acid solution, was heated with thionyl chloride 
(100 g.) on a water-bath until the evolution of hydrochloric acid ceased. 
The excess of thiony! chloride was distilled off under diminished pres- 
sure and the acid chloride crystallised from benzene, m.p. 146°, yield 
theoretical. 

Anthraquinone-B-aldehyde.—The acid chloride (2g.), palladium- 
ised barium sulphate (0°7 g.) containing 5 p.c. palladium” and 
dried in vacuo over phosphorus pentoxide were taken in about 40 c.c. 
of dry xylene in a round bottomed flask with a side-tube having a 
glass tube ground into it and reaching to the bottom of the flask. The 
flask, which was provided with a reflux condenser, was heated in an 
oil-bath at 150-60°. Hydrogen, carefully purified and dried by 
passing through strong sulphuric acid and finally through two Peligot 
tubes containing phosphorus pentoxide, was passed into the mixture 
through the side-tube until the ensuing gas was free from hydrochloric 
acid. The solution was then filtered from the catalyst and shaken on 
the machine with 10 p.c. sodium bisulphite solution. The bisulphite 
layer was then separated and decomposed with hydrochloric acid, 
m.p. 186°, yield 1g. 

For studying the conversion of the aldehyde into the carbinol, 
anthraquinone-§-aldehyde was prepared on a Jarge scale directly from 
8-methylanthraquinone (Ullmann and Klingenberg, Ber., 1913, 46, 
712). 

Anthraquinone-B-carbinol.—Anthraquinone-B-aldehyde (2 g.) was 
dissolved in absolute alcohol, platinum oxide (0°1725 g.) prepared 
according to the method of Roger Adams (loc. cit.) was added and then 
0°1 millimole of ferrous chloride. The flask containing the mixture 
was evacuated by means of a water-pump until the solution began to 
boil and then connected with a gas holder containing pure hydrogen 
and shaken mechanically until the theoretical amount of hydrogen 
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was absorbed, which in this case took only five minutes. The cata- 
lyst was then removed by filtration, the alcohol evaporated off and the 
residue treated with boiling water in which the carbinol was found to 
be soluble. On recrystallising from benzene it was obtained asa 
yellow crystalline powder, mp. 188°. (Found: C, 75°52 ; H, 3°9. 
C,5H 903 requires C, 75°63 ; H, 4°2 per cent.). 

Diacetylchrysophanic acid.—Chrysophanic acid was prepared from 
crude chrysarobin according to the method of Fischer and Gross (WJ. 
pr. Chem,, 1911, ii, 84, 369). It was acetylated by dissolving in ace- 
tic anhydride, cooling and adding 2 or 3 drops of strong sulphuric 
acid. The acetylation was almost instantaneous. 

Diacetylrhein.—It was prepared by oxidising diacetylchrysophanic 
acid according to the method of Fischer and Gross (loc. cit.). On 
treating the product with dilute soda solution and acidifying, a mix- 
ture of rhein and diacetylrhein was obtained which was completely 
deacetylated by boiling with alcoholic potash, the rhein recrystallised 
from pyridine and reacetylated by heating with acetic anhydride and 
pyridine. 

Diacetylrhein chloride.—It was prepared by treating diacetylrhein 
with thionyl chloride in the usual manner. Crystalline mass from 
benzene, m.p. 190°. (Found: Cl, 8°7. C, gH,,0,;Cl requires Cl, 92 
per cent.). 

1 :8-Dihydroryanthraquinone-3-aldehyde.—Diacetylrhein chloride 
was reduced to the aldehyde according to Rosenmund’s method (loc. 
cit.). On decomposing the bisulphite compound by boiling with hydro- 
chlorie acid, the substance was simultaneously deacetylated.From 2 g. 
of the acid chloride 0°7 g. of the aldehyde was obtained. Brown glis- 
tening needles from glacial acetic acid, m.p. 218°. (Found: C, 66°85; 
H, 3°0. C,,Hs0, requires C, 67:16 ; H, 3°0 per cent.). 

1 :8-Dihydroxyanthraquinone-3-carbinol (Aloe-emodin).—The re- 
duction of the aldehyde was effected exactly in the same way as 
with anthraquinone-8-aldehyde. The carbinol was recrystallised first 
from dilute acetic acid and then from toluene. Orange needles from 
toluene, m.p. 219-20° (corr.). The m.p. was not depressed by ad- 
mixture with natural aloe-emodin from Barbadoes aloes, melting at 
221° (corr.). (Found: C, 67°08; H, 3°5. C,;,H,;0, requires C, 66°66 ; 
H, 3°7 per cent.). 

CuemicaL Laporatory, 


University CoLLece oF Science, Received June 27, 1932. 
CaLcuTta. 
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Kinetics of the Reaction Between Bromacetate 
and Thiosulphate Ions at Great Dilutions. 


By A. N. Kaepanna AND H. W. PatwarbDaan. 


In a previous communication by one of us (J. Indian Chem, Soc., 
1929, 6, 45) the results of a study of the kinetics of the reaction 
between bromacetate and thiosulphate ions in very dilute solutions 
were presented. It was found there that the variation of the kine- 
tic activity factor with ionic strength in the region 0°0025u—0°012u 
was quantitatively in accordance with the predictions of the Bréns- 
ted-Debye theory. Nine months after the publication of the above 
paper, La Mer published his work on the same reaction (J. Amer. 
Chem, Soc., 1929, 61, 3341, and correction, 1929, §1, 3678) and his 


d log k 


results indicate that observed is only threefourths of what 


dip 

is predicted by the Brénsted-Debye theory. The discfepency bet- 
ween these two sets of results is very great in view of the fact that 
very accurate results could be obtained in the kinetic measurements 
of the reaction. The importance of the subject and the far-reach- 
ing effects of the general application of the Brénsted-Debye theory 
are such that we thought it necessary to revise and extend the pre- 
vious work on this reaction. In this communication we are present- 
ing data obtained over a wide range of temperatures (30°—90°.) 


EXPERIMENTAL, 


The experimental procedure adopted was the same as in our 
previous investigation (loc. cit.). 

The sodium bromacetate was prepared as follows :—Kahlbaum’s 
bromacetic acid dried over phosphorus pentcxide was dissolved in 
pure dry ether so as to make a concentrated solution. To this was 
added a drop of phenolphthalein solution and then an almost sa- 
turated solution of sodium ethoxide in absolute alcohol drop by drop, 
the mixture being well stirred, until the liquid turned faint pink. 
Most of the sodium salt formed appeared as precipitate. Next, the 
mixture was treated with a drop or two of the acid solution to just 
decolourise the indicator andthe precipitate filtered rapidly under 
@ suction and washed with dry ether. The salt thus obtained 
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was next dissolved in the minimum quantity of absolute alcohol 
and reprecipitated by the addition of ether. A considerable amount 
of the salt was thus obtained. It was next filtered, washed with 
dry ether and the adherent ether was removed by evaporation in 
vacuum. The salt was preserved in a dish over fused calcium chlo- 
ride in a desiccator. The purity cf the salt was tested by the esti- 
mation of bromine in a definite amount of the salt. 

Solutions of different concentrations were prepared by weighing 
out exact quantities of the salt. All the solutions were prepared 
in conductivity water. 

The reaction was followed by adding to known volumes of the 
reaction mixture, definite amounts of a standard centinormal solu- 
tion of iodine and titrating the excess of iodine against centinormal 
thiosulphate. 

While working at temperatures above 50°, solutions of sodium 
bromacetate of different concentrations were kept alongside the re- 
action mixtures for the same periods of time as the latter to find 
out if any side reaction (the replacement of bromine in the brom- 
acetate ion by hydroxyl by interaction with water) took place. It 
was found in all cases that no such action had taken place in the 
solutions at the concentrations covered by the investigations in this 
paper. 

Table I contains a summary of the results at different temper- 
atures. The figures included in brackets under 30°, 40° and 50° 
are velocity constants obtained in our previous investigation. It will 
be observed that the agreement between the two sets of results is 
quite close. 


TaBLe I, 
0°434 K. 

‘ 30° 40° 5U° 
0°00125 _ - _ 
0°00250 ("1940 (0°1960) 0°4420 (0°4400) 0°9750 (0°0986) 
0.0050 0°2153 (0°2140) 0°4960 (0°4980) 1°080 (1°10) 
0°0070 0°2807 (0°2300) 0°5224 (0°5230) 1°156 (1°213) 
0°0085 0°2410 (0°244) 0°5460 (0°5400) 1°210 (1°260) 
00100 0°2510 (0°266) 0°5690 (0°577) 1°260 (1°320) 

0°0140 0°2680 (0°275) 0°0630 (0°6610) 1°436 (1°480) 
0°0200 0°3040 (0°310) 0°6900 (0°6780) 1°577 (1°600) 
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TaBLe I—(contd.) 


0.34 K. 

M 60° 10° 80° 90° 
0°00125 1880 3°759 7-050 12°90 
0-00259 9°050 4-060 7595 14°10 
0°0050 2°290 4544 8°560 15°67 
0:0070 2°440 4-876 9°030 16-99 
0°0085 2°540 5°140 9°440 11°86 
0°0100 2°650 5°290 9°910 18°50 
0°0140 8-078 6°095 wen "gris 
0°0200 3°328 6°590 12°320 29°85 


Discussion of Results. 


Log K plotted against +» gives straight lines in all cases over the 
region / #=0'08587 to /f=0°11 (for the region 0°00125u—0'012,) 
for data at all temperatures. The slopes of the curves ( = ) 

B 
obtained from these curves are compared in Table II with the slopes 
calculated from the standpoint of Debye-Hiickel theory at different 
temperatures. 


TaBLe FI. 
Temperature 30° 40° 50° — («60° 7° 89° 90° 
Slope (found) 2.16 2 20 2°23 2°28 2°29 2°29 2°30 
Slope (calc.) 2°07 2°12 2°18 2°23 2°29 2°31 2°36 


The agreement between the two sets of values is as good as can 
be expected from the nature of the work. 

It can, therefore, be definitely stated that in aqueous solutions 
for the ions involved in this reaction, the variation of the kinetic 
activity factor with ionic strength in the region 0°00125u—0°012z, is 
in good agreement with the predictions of the Briénsted-Debye 
theory over a wide range of temperatures up is 20°. 

Temperature coefficient of the reaction rate.—The tempera- 
ture coefficient of the reaction rate, throughout the temperature 
rapge examined, has been found to be practically independent of ionic 
strength. Table III gives the average temperature coefficient at 
different temperature limits. 
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TABLE ITI- 


Kw Ky Ko Ko Ky Koo 
Ky Kyo Ks Keo Ki Kg0/ 





2°280 2°205 2102 =1°999 1 87 1°85 


These values for temperature coefficients lead to an average value 
of 15680 calories for the energy of activation of the two reacting ions. 


Summary. 


A detw:ied study of the kinetics of the reaction between brom- 
acetate and thiosulphate ions in the presence of sodium ions has been 
made over the temperature range 30°-90° in the region of ionic 
strengths 0°00125u-0°02u in aqueous solutions. 

At all temperatures, the variation of the kinetic activity factor 
with ionie strength in the region 0°00125u—0°012» for the ions in- 
volved in this reaction has been found to be in good agreement with 
the predictions of the Brénsted-Debye theory. 

The energy of activation of the two reacting ions has been found 
to be 15680 calories, from the temperature coefficient of the reac- 


tion rates at different temperatures. 


CHEMICAL Laporatory, ‘a 
CoLLEGE oF Science, Naopur, C.P, Received July 13, 1932, 
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Chemical Examination of the Seeds of Abrus preca- 
torius, Linn. Part I. 


By NARENDRANATH GHATAK AND RaMJeEE Kavt. 


Abrus precatorius or Jequirity as it is known in English, Gunja in 
Sanskrit, Rati in Hindustani and Kunch in Bengali is a plant of the 
natural order Leguminose. It is grown in India and other hot 
countries. Itis a perennial twiner with numerous stems. Seeds 
from 8 to 5 are contained in pods which are from 1} to 1} in. long and 
4 in. wide. The seeds are usually bright scarlet, with a black spot on 
the top and are highly polished. The average weight of the seed is 
1°75 grains. There are three varieties of the seed e.g., scarlet, white 
and black, but the findings of the present paper are on the scarlet one. 
The seeds are used in India by the goldsmiths as weight. The leaves, 
seeds and the roots of Abrus precatorius have been articles of Hindu 
materia medica from a very remote period. Internally, the seeds are 
described as poisonous and useful in affections of the nervous system, 
and, externally, in skin diseases, ulcers, affections of the hair, leprosy, 
etc., (Dymock, ‘‘ Pharmacographia Indica,’’ Vol. I. p, 430). 

Warden and Waddell (‘‘ Non-bacillar nature of Abrus poison,” 
Calcutta, 1884) have given the name ‘abrin’ to the poisonous principle 
of Jequirity. They showed that abrin was closely allied to ‘ plant 
albumin ’ but did not enter into any details as to whether it consisted 
of one or more proteids. Martin (J. Chem. Soc., 1887, 62, 990) proved 
the presence of two proteids, a globulin and an albumose in the kernels 
and the toxic action of Jequirity is attributed to them. Dr. Warden 
(‘‘ Pharmacographia Indica,’’ 1890, Vol. I, p. 442) claims to have 
succeeded in isolating an acid from the seeds, which he named as 
‘abric acid’ and represented it by the formula Cy, Hg, 0, Ns, 
which is not in agreement with the ‘‘ law of even number of atoms.”’ 
He also obtained a small quantity of pungent volatile oil. But he 
gives no details as to how abric acid was isolated. Abrin (Haas and 
Hill, ‘‘ Chemistry of Plant Products,’’ 1928, Vol. I. p. 871) has been 
suspected to have the same properties as ricin which occurs in Ricinus. 








. ee > 


384 N. GHATAK AND R. KAUL 


Their toxic characters have been attributed partly to the presence of 
ptomaine bodies and largely to bacterial toxins, a class of substance 
related to albumoses. 

The above represents the work that has hitherto been done on the 
seeds of Abrus precatorius. A systematic analysis of the seeds was, 
therefore, undertaken with a view to study the exact chemical nature 
of the poisonous constituents. Two definite products, one nitrogen 
containing and another a glucoside, viz., abrine and abralin, have now 
been isolated. Some quantity of a non-drying yellow oil has also been 
obtained. The properties of these substances have been described in 
the experimental part. 


EXPERIMENTAL. 


The scarlet variety of the seed of Abrus precatorius was obtained 
from the local market. The red seed-coat was removed by coarsely 
crushing the seeds in a grinding machine. The outer coating consti- 
tuted 30 p. c. of the entire seed. The yellow kernels were very hard. 

The powdered kernel (50 g.) was freed from oil by extraction with 
petroleum ether in the cold and the oil-free powder on cold aqueous 
extraction gave a cloudy precipitate with ethyl alcohol which probably 
contained some enzymes. The powder on completely burning left 
2°5 p. c. of a white residue (ash) which on qualitative analysis was 
found to contain iron, aluminium, calcium, silicon, magnesium, sul- 
phate and phosphate. 

For complete analysis 1°5 kg. of the crushed kernels were ex- 
haustively extracted in a round bottomed extraction flask with 6 litres 
petroleum ether (b. p. 35-60°) till a portion of the extract did not 
give any oily residue on evaporation of the solvent. From the petro- 
leum ether extract 85 g. of a yellowish brown, pungent, non-drying 
oil was obtained. The oil-free powder was successively extracted 
with rectified spirit. The first few extracts were yellow in 
colour and after that colourless extracts were obtained which depo- 
sited white needles in small quantities on evaporation of the solvent. 
The substance seemed to be very little soluble in alcohol and, there- 
fore, the extraction was done about 20 times in order to recover the 
crystalline product completely from the powder. The powder became 
almost colourless after the extractions. The total alcoholic extract 
was concentrated under reduced pressure when a brown syrup having 
white crystalline suspension was obtained. The liquid, which had a 
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disagreeable smell, was allowed to stand for about a week when the 
quantity of the crystalline product increased and settled at the bottom. 
It was filtered and washed with water. The dried crude product, 
which weighed 13 g. turned brown at 210° and completely melted at 
247°. This substance was moderately soluble in hot water from 
which snow-white needles were obtained melting at 295° and having 
a molecular formula C,gH,;,O N59, It has been named as ‘ abrine’ 
by the present authors. Warden (loc. cit.) must have got this subs- 
tance in an impure form which gave him a wrong analytical data and 
made him to suspect the compound to be acidic in nature. 

Abrine is insoluble in all organic solvents excepting alcohol in 
which it is slightly soluble. Neutral ferric chloride, lead acetate or 
subacetate, silver nitrate and calcium chloride have no effect on the 
substance. Phosphomolybdic acid produces a white precipitate which 
soon changes to yellowish green and finally to grey colour. Eard- 
man’s and Fréhde’s reagents give yellow coloration with abrine. Gold 
chloride solution produces a yellowish turbidity which darkens and in 
about 1 minute becomes violet, which, however, throws down a 
blue-black precipitate on addition of concentrated hyorochloric acid. 
Platinic chloride solution seems to have no effect on the substance in 
the cold, but on heating and allowing it to cool a brown gelatinous 
precipitate settles at the bottom. Abrine is non-respondent to the 
rest of the alkaloidal reagents. It dissolves readily in hydrochloric 
acid and on complete evaporation of the solvent long silky needles of 
the hydrochloride of abrine are obtained which quickly dissolve in 
water. The hydrochloride gives all the reactions of the free base as 
described above, excepting with gold and platinic chloride solutions. 
The hydrochloride, however, gives a white precipitate with phos- 
photungstic acid which turns brown in about 5 minutes. From the 
above reactions it can be said that abrine, is semi-alkaloidal in 
character. It is tasteless when pure and therefore may be classed in 
the group of non-bitter alkaloids. 

The thick mother liquor after the separation of abrine was diluted 
with water and on addition of lead acetate solution a thick yellow 
flocculent precipitate of strong disagreeable odour, was obtained. 
The precipitate was washed free from lead and decomposed with 
sulphuretted hydrogen. The yellow filtrate on complete evaporation 
of water gave a brown sticky mass from which no chemically 
pure substance could be isolated. The product contained considerable 


amount of reducing sugars. 
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The filtrate of the above lead salt gave a bright yellow bulky 
precipitate with lead subacetate solution. The purified lead salt 
was decomposed with sulphuretted hydrogen in alcoholic 
suspension. The yellow filtrate was concentrated under reduced 
pressure and on complete evaporation of the solvent a yellow 
deposit was obtained. It was non-crystalline in character and melted 
at 105° after remaining over calcium chloride in a vacuum desiccator 
for 2 days. This substance which has a molecular formula C,;,;H,,40;, 
has been named as ‘abralin’ by the present authors. Abralin 
does not reduce Fehling’s solution and Tollen’s reagent, but both are 
readily reduced if the compound is previously hydrolysed by warming 
with concentrated hydrochloric acid. It does not produce any colora- 
tion or precipitate with the usual alkaloid reagents. Abralin has an 
astringent and mild bitter taste and produces a dark coloration with 
neutral ferric chloride solution, which turns red on dilution. The 
physiological examinations of abrine and abralin are in progress. 

The oil on purification with Fuller’s earth and animal charcoal 
became lighter in colour. It did not contain nitrogen and sulphur 
and was tasteless. The oil was optically active and gave a deztro 
rotation of [a]$5=+0°39. This small rotation must be due to the 
presence of sterols in the oil. The oil burnt with an absolutely non- 
luminous flame and gave the following constants. 


M: isture ove sia ” ‘ii eve 0°78 p. c. 
Specific gravity at 25° a foe i ins 0°9139 
Refractive index at 25° sie “7. oe _ 1°4662 
Acid value on a ose pon win 2°44 
Saponification value sa ae oe eee 191°7 
Hehner value... * as sis wee 88 06 
Acetyl value din ee na oe on nil 
Todine value... ine sae ose a 95° 
Unsaponifiable matter si a one oun 1°68 


Abrine.—Abrine dissolves in concentrated nitric acid with orange 
red colour which becomes yellow on dilution. In strong sulphuric 
acid it dissolves with yellow colour. When very slowly crystallised 
from water about 1 cm. long star shaped needles are obtained. 
[Found : C, 65°78; H, 6:46; N, 13°15; M. W. (eryoscopie in phenol), 
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221. Cy9H,4OgNo requires, C, €6°08; H, 6°42; N, 12°84 per cent. 
M.W., 218). 

Abralin.—In concentrated nitric acid abralin dissolves with red 
colour, which becomes orange yellow on dilution. In strong sulphuric 
acid it dissolves with a yellow colour which slowly darkens and 
finally becomes deep red, On dilution the colour is discharged and 
a yellow flocculent precipitate separates, which is the aglacone of 
the glucoside. Abralin was optically active, having a laevo rotation 
of [a ]35= —27°87 in aqueous solution. [Found: C, 54°98; H, 5°29; 
M. W. (cryoscopic in phenol), 286, (lead salt), 281. C,,;H,,0; 
requires, C, 56°32; H, 4°96 per cent. M.W., 282). 

Further work on the constitutions of abrine and abralin is in 
progress. 

Our best thanks are due to Dr. 8. Dutt, D.Sc., P.R.S., for the 
kind interest he has taken in the work. One of us (N.G) wishes to 
express his indebtedness to the Kanta Prasad Research Trust of the 
Allahabad University for a scholarship which enabled him to take 
part in the investigation. 


CHEemicaL LaBoRATORY, 
University OF ALLAHABAD, Received July 6, 1932. 
ALLAHABAD, Inp1A. 
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Synthesis of Chromones. Part III. Condensation of 
8-Naphthol with Alkyl Acetoacetic Esters. 


By DUAKHAGARAN CHAKRAVARTI. 


The condensation of phenols with 8-ketonic esters in presence of 
sulphuric acid (Pechmann reaction) and in presence of phosphorus 
pentoxide (Simonis reaction) has been the subject of investigation 
by the author (J. Indian Chem, Soc., 1931, 8, 129, 407, 619; 1932, 
9, 25, 31) and discussion, excepting a generalisation (ibid., 1932, 9, 
32) regarding these reactions was postponed until the accumulation 
of further experimental data. In the meantime, Robertson 
and his collaborators (J. Chem. Soc., 1931, 1256, 1877, 2426; 
1932, 1180, 1681) arrived at the conclusion that the Simonis 
reaction depends entirely on the nature of the phenol and is 
independent of the nature of the ester ; which view was afterwards 
discarded by the same authors (J. Chem. Soc., 1932, 1180). While 
studying the 8-naphthapyrone:, Dey and Lakshmiaarayanan (J. 
Indian Chem. Soc., 1932, 9, 153) have supported the earlier view of 
Robertson and others that ‘‘The important factor, which determines 
the course of the condensation, however, is obviously not the 
8-ketonic ester but the phenol itself, as suggested by Robertson.’’ 

That the course of these reactions, however, depends on both the 
phenol and the f-ketonic ester, is shown by the following experi- 
mental facts. 


Esters. Products with HgS0,. Products with P30. 
with B-naphthol. 

Ethyl acetoacetate Mixture of coumarin and Chromone (Dey and 
chromone (Dey and Lakshmi- Lakshminarayanap, 
narayanan, loc. cit.). Toc. cit.). 

Ethyl a-methylaceto- Coumarin in poor yield* Chromone * 

acetate 

Ethy] a-ethyl (or a-propyl No reaction* Chromones * 

or a-isopropyl)-aceto- 
acetate 


* vide infra. 
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Esters. 


Ethyl acetoacetate 
Ethyl a-methylaceto- 
acetate 


Etbyl a-propyl (or a-iso- 
propyl or -isobutyl)- 
acetoacetate 


Ethyl scetoscetate 

Ethyl uitetiiebeinis 

Ethyl a-ethylacetoacetate 

Ethyl a-propyl (or isopro- 
py!) acetoacetate 


Ethyl! a-chloroacetoacetate 
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Products with H,S0,. 
with m-cresol. 


Coumarin (Fries and 
Klostermann Ber., 1906, 
39, 971). 


Coumarin in -poor — yield 
(Fries and Klostermann, 
Annalen, 1908, 362, 3). 


No reaction (Chakravarti, 
J. Indian Chem. Soc., 
1932, 9, 32). 


with p-cresol. 


Coumarin (Pechmann and 
Cohen, Ber. 1884, 17, 2187). 


Coumarin (Chakravarti, J. 
Indian Chem.Soc., 1932, 
9, 29). 


Coumarin in poor yield 
(Robertson and Sandrock, 
loc. cit.). 


No reaction(Chakravarti, 
J. Indian Chem. Soc., 1932, 
9, 31). 


Coumarin 


Products with P30s. 


Coumarin 
(Chakravarti J. Indian 
Chem. Soc.,' 1932, 9, 
26; Robertson and 
others, J. Chem. 
Soc., 1932, 1681). 


Chromone (Petschek 
and Simonis, Ber., 
1913, 46, 2014). 


No product can be 
isolated from the 
reaction mixture. 


Coumarin (Robertson 
and Sandrock, J. 
Chem. Soc., 1932, 
148v). 

Chromone (Petschek 
and Simonis, loc. cit.). 


Chromone (Robertson 
and Sandrock, loc.cit.). 


No product can be 
isoloted from the 
reaction mixture. 


Coumarin (Robertson 
and Sandrock, loc. 
cit.). 


The present paper describes the §-naphthapyrones prepared by 


the condensation of §-naphthol with alkyl acetoacetic esters. The 
8-naphthachromones are characterised by the formation of 2-styryl 
derivatives, which distinguish them from the isomeric coumarins (cf. 
Chakravarti, J. Indian Chem. Soc., 1931, 8,131). The generalisation, 
previously recorded, holds in this case also. 8-Naphihol does not 
react readily with acetoacetic ester in presence of sulphuric acid to 
form coumarins, and it forms chromones in comparatively good yield 
in presence of phosphorus pentoxide. 

The condensation of phenols with other f-ketonic esters ¢.g., 
acetone dicarboxylic ester, oxalacetic ester, benzoylacetic ester and 
acetosuccinic ester, in presence of phosphorus pentoxide is being 
studied and the results will be communicated shortly. 
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EXPERIMENTAL. * 


3:4-Dimethyl-1 :2-Ba-naphthapyrone.—A mixture of 8-naphthol 
(5 g.) and ethyl a-methylacetoacetate (5 g.) was slowly added to ice- 
cold concentrated sulphuric acid (12 ¢.c.) and the solution was shaken. 
The solution was kept for 48 hours and crushed ice added to it; only 
a small amount of solid separated on standing. This was crystal- 
lised from dilute alcohol as colourless needles, m.p. 127°. (Found: 
C, 80°12; H, 5°58. C,;, H;, Og requires C, 80°35; H, 5°35 per 
cent.). 

2 :3-Dimethyl-1:4-Ba-naphthapyrone.—To a warm _ solution 
of B-naphthol (10 g.) and ethyl a-methylacetoacetate (10 g.), phosphor- 
us pentoxide (25 g.) was gradually added and the mass shaken. The 
mass became hot and on standing for 15 minutes, it was heated on the 
water-bath for about 1 hour. Crushed ice was then added and the 
thick oil treated with cold caustic soda solution, when solid separa- 
ted. It was thoroughly washed with water, dried and crystallised 
from rectified spirit in colourless plates, m. p. 130° (mixed with 
the coumarin, m. p. 95°). (Found: C, 80°22; H,5°41. C,,;H, 0. 
requires C, 80°35; H,5°35 per cent ). 

2-Styryl-3-methyl-1:4-Ba-naphthapyrone.—A_ solution of 2:3- 
dimethyl-1 :4-8a-naphthapyrone (1 g.) in absolute alcohol was treated 
with alcoholic sodium ethoxide (05g. sodium) and benzaldehyde (1g.), 
when only a slight yellow colouration was produced. The solution, 
on keeping overnight, deposited yellow crystals, which were filtered 
off, washed with dilute alcohol and recrystallised from absolute alco- 
hol in long yellowish silky needles, m. p. 186°. (Found: C, 84°32; 
H, 4°91. CogH; 0,9 requires C, 84°6; H, 5°12 per cent.). 

The 3 :4-dimethy]-1:2-8a-naphthapyrone, prepared with sulphuric 
acid, does not react with benzaldehyde. 

2-Methyl-3-c thyl-1 :4-Ba-naphthapyrone was prepared from 8-naph- 
thol and ethyl aethylacetoacetate in presence of phosphorus pen- 
toxide and isolated in the manner described above. It crystallised 
from dilute alcohol in colourless plates, m. p. 117°. (Found : C,80°22; 
H, 5°95. C,gH,,O, requires C, 80°67; H, 5°88 per cent.). 

2-Styryl-3-cthyl-1 :4-Ba-naphthapyrone was prepared by conden- 
sing the above pyrone with benzaldehyde as usual. It crystallised 
in yellowish silky needles from absolute alcohol, m. p. 183°, 


* The 8-napthapyrones have been named according to Dey and Lakshmi- 
naraynan (loc. cit.) 
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(Found: C, 84°35; H, 5°32. Cg;H,,0, requires C, 84°66; H, 5°51 
per cent.). 

2-Methyl-3-propyl-1:4-Ba-naphthapyrone, the condensation pro- 
duct of f-naphthol and ethyl a-propylacetoacetate in presence of 
phosphorus pentoxide, crystallised from rectified spirit as colourless 
needles, m. p. 95°. (Found: C, 81°12; H, 6°1. Cy7H,0¢ re- 
quires C, 80°95; H, 6°35 per cent.). 

2-Styryl-3-propyl-1 :4-Ba-naphthapyrone crystallised from rectified 
spirit in yellow silky needles, m. p. 168°. (Found: C, 84°35; H, 
5°98. Cog4Hg oO. requires C, 84°70; H, 5'88 per cent.). 

2-Methyl-3-isopropyl-1 :4-Ba-naphthapyrone was prepared by con- 
densing 8-naphthol and ethyl! a-isopropylacetoacetate in presence of 
phosphorus pentoxide. It crystallised from rectified spirit in colourless 
prismatic needles m. p. 131°. (Found: C, 80°83; H, 6°43. C,;Hy,09 
requires C, 80°95; H, 6°35 per cent.). 

2-Styryl-3-isopropyl-1 :4-Ba-naphthapyrone crystallised from recti- 
fied spirit as silky yellow needles, m. p. 187°. (Found: C, 84°53; 
H, 5°67. Co4Hoo0, requires C, 84°70; H, 5°88 per cent.). 

8-Naphthol does not condense with ethyl a-ethyl (or a-propyl or 
a-isopropy!)-acetoacetate in presence of sulphuric acid. 

My best thanks are due to Prof. R. N. Sen for his interest in this 
investigation and to Drs. P. Neogi and M. Q. Khuda for giving me 
full facilities for conducting this work. 


CmemicaL LasoraTory, 
PresipENcy COLLEGE, 
Calcutta. 


Received August 15, 1982. 


























Studies in Organo-arsenic Compounds. Part II. 


By Hrrenpra Nats Das-Gupta. 


No attempt appears hitherto have been made to introduce arsenic 
into xanthone nucleus. The only compound that is known to con- 
tain arsenic is xanthoarsenite, a naturally occuring mineral, discover- 
ed by Igelstrém (Z. Kryst. Min., 1886, 10, 518). 

Xanthone itself possesses antiseptic action and the assumption 
that by introducing arsenic into the nucleus, the resulting compounds 
might prove to have greater potentialities as drugs, led to the pre- 
sent attempts. The different compounds that have been prepared are 
the following: Xanthone-3-arsinic acid, a-nitroxantharsinic acid, /- 
nitroxantharsinic” acid, 8-aminoxantharsinic acid, -acetyl- 
aminoxantharsinic acid, and bromonitroxantharsinic acid. 

The next series of compounds that have been described are the 
quinoline derivatives of coumarin and xanthone containing arsenic in 
the nucleus. Of these the first compound is a pseudo oxazone and 
contains, in addition to the pyridine ring, groups like-CH:CH-and 
-O'CO in the ring. The existence of the above mentioned groupings 
in a compound causes the augmentation of the number of polymor- 
phonuclear white blood corpuscles, helping there by in an indirect 
way, in checking an attack due to parasites, and increased internal 
secretions. It has also been definitely established that quinoline 
compounds have decided antpyretic actian, specially if the position-6 
is fixed and an enhanced action is observed if both 4- 
and 6-positions are simultaneously occupied. The compound y-1 :8- 
isonaphthoxazone-3-arsinic acid, described in this paper, in which 
the positions 4 and 6 are occupied, satisfy all the above mention- 
ed conditions in addition to the pentavalent arsenic in the nucleus 
and was, therefore, supposed to have an enhanced antipyretic and 
bactericidal action inthe treatment of diseases due to parasitic 
organism. 

The nitro-y-1:8- isonaphthoxazone was prepared according to the 
method of Dey and Goswami (J. Chem. Soc., 1919, 115, 531) for the 
preparations of coumaroquinoline from nitrocoumarins. The _provi- 
sional formula as advanced by the authors (loc. cit.)has been adopted. 
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The reduction of the nitro-~-oxazone was effected by sulphuretted 
hydrogen and ammonia in alcoholic solution. It is probable that 
upto the formation of the arsinic acid derivative the following has 
been the main course. 


O O O 
ANCO Skraup ANCO 4™N co 
— (‘ 
| | LY or | 
NOs\/\ZCINO>) NA\AVZCINO.) \A\A\AC(NO2) 
CH ( | CH N CH 


bod 
VY 


O O 
Reduction AA\ CO Bart co 
= a eae 
reacticn | | . pou 


NA/\GC(NHe) N/ cAsf =0 
| CH | | A Now 
V VY 
: The application of the Skraup reaction was extended to the other 
| dinitro derivatives of coumarin, e.g., 7-methyl-and 4:7-dimethy!-3 :@ 
dinitrocoumarins-and in each case the desired product was obtained 
but the yield was too low to be used for subsequent treatments. 

The second compound xanthoquinoline-@-arsinic acid was pre- 
pared from -aminonxanthoquinoline. The nitro compound 
was prepared by Dhar (J. Chem. Soc., 1920, 117, 1053). Here also 
it will be found that the position -4 or 6 is occupied and from 


similar arguments should have antiseptic and bactericidal activity as 
will be evident from the following constitutional formula. 


pe 


YYYYY'S a 
| | 


We pu 
or a / Yai =O 


Vee 


O 


The arsinic acids, enumerated as above, had all been prepared by 
the well-known Bart’s reaction from their corresponding amino deri- 
vatives. The reduction of 6-nitroxantharsinic acid was done by the 
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method of Jacob, Heildelberger and Rolf (J. Amer. Chem. Soc., 1918, 
40, 1580) most easily. The method claimed by Fargher (J. Chem. 
Soc., 1919, 118, 990) to give satisfactory results and which is a 
modification of that described in D, R. P. 224958, for the 
method of reduction of nitroarsinic acids failed to do the same 
in this particular case. | Monobromodinitroxanthone and 
8-nitroxanthoquinoline had been reduced by ammonia and 
sulphuretted hydrogen in alcoholic solution. The method for the 
reduction of 3-nitroxanthone, a-and #-dinitroxanthone, as suggested 
by Dhar (J. Chem. Soc., 1916, 109, 744), gave very low yield of the 
amino derivatives. The additional disadvantage of the method is 
that on account of the lower solubility of the nitrocompounds in 
alcohol, a large quantity of the solvent is required to start with. To 
obviate this difficulty the nitro derivatives had been reduced by stan- 
nous chloride in alcohol and hydrochloric acid solution. In the cases 
of a-and B-derivatives, contrary to the usual expectation, namely, 
the simultaneous reduction of both the nitro groupings, in each case 
a nitroamino compound was obtained. The reduction products were 
tested both. qualitatively and quantitatively to ascertain the similarity 
of the compounds with those obtained by reducing with sulphuretted 
hydrogen and ammonia as tried by Dhar (loc. cit.) and the identity 
was observed in each case. 

The arsinic acids vary in coloration, from brown to yellow, and 
most of them are nearly insoluble in commoner organic solvents. 
They are all microcrystalline solids, readily soluble in caustic alkalis 
and alkaline carbonates. The alkaline solutions are deep brown in 
colour from which hydrochloric acid precipitates the original com- 
pounds. 

EXPERIMENTAL, 


Reduction of Nitroxanthones. 


8-Aminozanthone.—3-Nitroxanthone (7 g.) was gradually added 
to a mixture, consisting of stannous chloride (21 g.), alcohol (20 c.c.) 
and concentrated hydrochloric acid (18 c.c.), heated in a beaker to a 
clear solution by direct flame. While the addition of the nitro com- 
pound was made the flame was turned low. Within a very short 
time a slow reaction began and this was over when every thing went 
into solution. To the reaction mixture concentrated hydrochlo- 
ric acid (86 c.c.) was added whereby light yellowish white feathery 
mass immediately separated out, This was allowed to cool and then 


5 
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filtered. The residue was washed repeatedly with concentrated 
hydrochloric acid and was then dissolved by boiling in excess of water 
and filtered. The filtrate was cooled somewhat and sulphuretted 
hydrogen was passed to precipitate the tin. The resulting mixture was 
filtered and treated with ammonia when a yellow precipitate of 3- 
aminoxanthone was obtained. The amino compound was separated, 
dried, and crystallised from alcohol, m. p. 232°. The other proper- 
ties of the compound were found to tally with that prepared by Dhar 
(loc. cit.). 

' a-Nitroaminoxanthone was prepared in a similar manner as 
above, with the following reaction mixture: a-dinitroxanthone 
(7°5 g.), stannous chloride (22 g.), hydrochloric acid (20 ¢.c.) and alco- 
hol (30 c.c.). Towards the end of the reaction 35 c.c. more of the 
concentrated hydrochloric acid were added. The reaction was a rapid 
one and only one of the nitro groups underwent reduction to amino 
compound. The substance was crystallised from alcohol, m. p. 205°- 
07°. (Found: N, 10°78. C,;,HgO,4Ng requires N, 10°9 per cent.). 

8-Nitroaminoxanthone was prepared in a similar manner and 
with the same proportions as the a-derivative, m.p. 264-65°. 

Monobromonitroaminoxanthone.—The reduction of the mono- 
bromodinitroxanthone was effected by sulphuretted hydrogen and 
ammonia in alcoholic solution. The substance was sparingly soluble 
in alcohol and hence a large excess of the solvent was required. The 
addition of ammonia was made in two or three portions and sul- 
phuretted hydrogen was passed after each addition. When the 
reduction was over, the excess of alcohol was evaporated off on a water- 
bath and the solid mass was treated with a few c.c. of concentrated 
hydrochloric acid so as to form a paste. The paste was boiled with 
excess of water and then filtered from insoluble unchanged nitro 
compound. The filtrate on being rendered alkaline with ammonia 
gave yellow crystals of the amino compound, This was recrystallised 
from alcohol in fine needles, m.p. 148-45°. (Found: N, 8°4. 
C,3;H,O,NgBr requires N, 8°3 per cent.). 


Introduction of Arsenic in Xanthones. 
8-Xantharsinic Acid. 


co 








nema dE 
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3-Aminoxanthone (2°*2 g.) was suspended in 20 c.c. of water and 
was dissolved by stirring in hydrochloric acid (2 c.c.). The solution 
was diazotised at 0° with a solution of sodium nitrite (0°8 g.) in water 
(5 c.c.) and was then introduced gradually in cooled mixture contain- 
ing sodium carbonate (10 g.), arsenious oxide (4°5 g.), copper sulphate 
(0°3 g.) and water (25 c.c.), the whole being well stirred during the 
operation. The mass became reddish brown and nitrogen evolved 
and stirring was continued for 1 hour more. The reddish brown 
solution was concentrated and filtered. The filtrate was gradually 
acidified with hydrochloric acid till a small quantity of brown 
precipitate was produced. At this stage the mixture was filtered 
and the filtrate on further acidification gave a dull yellow precipitate. 
This was collected, redissolved in sodium bicarbonate, boiled with 
animal charcoal and filtered. The filtrate was then acidified when 
whitish yellow microcrystalline powder was obtained. The substance 
was found to be insoluble in most of the commoner organic 
solvents and hence the final purification was made by redissolving 
in sodium bicarbonate and reprecipitating it. It does neither melt nor 
shrink even upto 335°. (Found: As, 22°9. C,;,; Hg O; As requires 
As, 23°4 per cent.). 


a-Nitroxantharsinic Acid. 


OH 
xO, as = 


AAA ‘\ on 


| 
ha WAY 


This was prepared in a similar way as the previous compound by 
diazotising a-nitroaminoxanthone and adding the diazo solution to the 
arsenite solution. The resulting solution was of deep red colour 
and this on acidification gave at first a small quantity of scaly preci- 
pitate. At this stage the solution was again filtered and the filtrate 
on further acidification produced a brownish red product. ‘The subs- 
tance was observed to be readily soluble in alkalis and alkali carbo- 
nates and insoluble in most of the commoner organic solvents. 
Hence it was purified by dissolving in sodium carbonate, boiling the 
solution with animal charcoal, filtering and then reprecipitating with 
acid, when dull red microcrystalline product was obtained, It does 
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not melt even upto 330°, yield 60p.c. (Found: As, 20°1. 
C,3;H,O,NAs requires As, 20°5 per cent.). 


B-Ntirozantharsinic Acid, 
co OH 
yo 1 As< =O 
| | OH 
.. 7 
VY 


The acid was prepared and purified in a similar way as the com- 
pound from 8-nitroaminoxanthone. The substance dissolves readily 
in alkalis and alkali carbonates but is insoluble in most of the organic 
solvents. It does not melt even upto 340°, yield 65p.c. (Found: 
As, 20°28. C,, Hg O,NAs requires As, 20% per cent.). 

8-Aminozantharsinic acid.—Ordinary ferrous sulphate (10°6 g.) 
was dissolved in warm water (35c.c.) The solution was cooled well 
and was transferred to a wide-mouthed bottle fitted with a rubber 
stopper. This was treated with 25 p. c. solution of sodium hydroxide 
till the ferrous hydroxide mud reacted strongly alkaline to litmus paper 
on vigorous shaking. §-Nitroxantharsinic acid (3°5 g.) was dissolved in 
sodium hydroxide and this solution was poured at once into the hy- 
droxide mixture, the whole being vigorously shaken for 5 minutes. 
The alkaline solution was allowed to stand for 4 hour more and during 
this time the pale blue hydroxide gradually changed in colour to dark 
brown ferric hydroxide. The mud was separated by filtration 
through a large buckner funnel, the residue being finally washed with 
water. The filtrate was next acidified with concentrated hydrochloric 
acid whereby yellow amino compound was precipitated. This was 
crystallised from acetic acid. Does not melt even upto 347°. (Found: 
As, 22°1. C,;3 H, 9 O; NAs requires As, 22°3 per cent.). 

B-Acetylaminozantharsinic acid.—The sparingly soluble 8-amino- 
xantharsinic acid was finely powdered and suspended in glacial acetic 
acid. To this excess of acetyl chloride was added and the mixture 
was heated under reflux for 2 hours. The hot reaction mixture was 
rapidly filtered and the filtrate was heated on a water-bath to expel the 
excess of acetyl chloride. The concentrated solution was then treated 
with cold water when the f-acetyl derivative separated out. The 
compound was filtered and then dried in a vacuum desiccator 
and it was finally crystallised as a yellow powder from acetic 
acid. The compound does neither melt nor shrink even up to 340°, 
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yield 36 p. c. (Found: As, 19°5. C,;,; Hyg OgNAs requires As, 
19°8 per cent.). 

Bromonitrozantharsinic acid was prepared from monobromo- 
nitroaminoxanthone as before by the usual Bart reaction. The 
substance was purified by alternately dissolving in alkali and reprecipi- 
tating with dilute hydrochloric acid. The purified product is of cream 
coloured microcrystalline powder, m. p. 258-60° (decomp.). (Found: 
As, 16°57. C,,H,0;NBrAs requires As, 16°8 per cent.). 


Quinoline Derivatives. 


8-Nitro--1 :8-isonaphthozazone.—3 :6-Dinitrocoumarin (4 g.) was 
dissolved to a clear solution in concentrated sulphuric acid (7c. c.). 
To this solution glycerol (10 c. c.) was added, the addition of 
which caused the precipitation of the nitro compound with 
rise in temperature. This was stirred well and was allowed to cool to 
the room temperature. The cooled mixture was gradually heated in 
an oil-bath with constant stirring The mass began to darken 
at 115° and a vigorous reaction took place between 138-40°. 
The vessel containing the reaction mixture was removed and allowed 
to cool with stirring. This was again heated on the bath to 120° and 
was kept at 135-40° for 1 hour. The temperature was next raised to 
150-60° and allowed to remain at this for 5 hours. Finally the tem- 
perature was raised to 170° for 4 hour. The black residue was final- 
ly powdered, repeatedly boiled with water and filtered after each 
time. The yellow filtrate was at first treated with concentrated 
ammonia and then with dilute ammonia whereby voluminous yellow- 
ish white precipitate was obtained. The addition of ammonia should 
be a gradual one as the substance is soluble in excess of the same, 
The precipitate was separated and then dried in a vacuum desiccator. 
It was crystallised from alcohol in colourless needles, m. p. 228-30°, 
yield 2°1g. ‘Found: N, 11°48. C,;2H,O,Ng requires N, 11°67 
per cent.). 

8-Amino-y-1 :8-isonaphthozaszone.—The nitro compound (5 g.) 
was dissolved by heating on a water-bath in alcohol. To the clear 
solution concentrated ammonia (20 c.c.) was added and sulphuretted 
hydrogen was passed in for 15 minutes. The addition of the latter 
substance at first gave a precipitate which dissolved to a yellow solu- 
tion afterwards. The yellow solution was again heated and sulphu- 
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retted hydrogen passed after adding 20 c.c. more of ammonia. The 
reduction was complete when the solution assumed a brown colora- 
tion. The excess of alcohol was boiled off on a water-bath and concen- 
trated hydrochloric acid was added to the residue so as to get a pasty 
mass. This was boiled with excess of water and filtered from the 
insoluble nitro compound. The filtrate was rendered alkaline where- 
by brownish yellow precipitate was obtained. The amino compound 
was crystallised from alcohol in light yellow fine needles, m. p. 270°, 
yield 30 p. c. (Found: N, 13°04. C}gHgO_No requires N, 13°2 per 
cent.). 

y-1:8-isonaphthoxazone-3-arsinic acid.—The amino compound 
described above was dissolved by heating in a solution of hydrochlo- 
ric acid (1°5 c.c. in 10 c.c. water). The hot solution was rapidly 
cooled with ice so as to get the hydrochloride in a fine state of sub- 
division. To the well-cooled solution powdered ice was added and 
then a solution of sodium nitrite (0°5 g. in 5 c.c. water) was added 
at one time with stirring. The resulting diazo solution was gradually 
added with stirring to a well-cooled solution of sodium carbonate 
(6 g.), arsenious acid (2°5 g.), copper sulphate (0°2 g.) and water (30 
c.c.). The addition of the diazo solution caused a slight frothing 
which subsided with time. The mass was stirred for 4 hour more 
and was then allowed to stand for 1 hour at the room temperature. 
The yellowish brown solution was filtered from the suspended and 
insoluble substances and was next concentrated to a small bulk, 
Towards the end the whole was boiled for sometime with animal 
charcoal and filtered. The filtrate on cooling was acidified at first 
with concentrated and then with dilute hydrochloric acid when 
a brown precipitate of the arsinic acid derivative was obtained. The 
precipitate was separated and then dried in a vacuum desiccator. It 
was crystallised from acetic acid in cream coloured microcrystalline 
powder, m. p. 225-27° (decomp.). (Found: As, 22°9. C,;gH,0,N As 
requires As, 23°3 per cent.). 

B-Aminozxanthoquinoline was prepared by the reduction of nitro- 
xanthoquinoline by sulphuretted hydrogen and ammonia in alcoholic 
solution. The substance was crystallised from alcohol in light crys- 
tals, m. p. 276-78°. (Found: N, 10°5. C,;gH , 90 Ne requires N, 
10°6 per cent.). 

Xanthoquinoline-B-arsinic acid was prepared from. B-aminoxantho- 
quinoline by subjecting it to Bart reaction. The acid thus obtained 
was purified by repeatedly dissolving in alkali and reprecipitating 
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with acid. This gave the substance as a light brown powder and was 
found to shrink at 315° but did not melt even up to 845°. (Found: 
As, 20°08. C,;gH,,0,;NAs requires As, 20°2 per cent.). 

In conclusion I take the opportunity of expressing my heartful 
thanks to Dr. M. Goswami, for his keen interest in this work and to 
the Director of Public Instruction, Bengal, for awarding me a Post- 
Graduate Research Scholarship which has enabled me to undertake 
the work. 
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Studies on the Formation of Azoxy, Azo, Hydrazo and 
Benzidine Compounds and the Dyes Derived 
from the Latter. 


By R. N. Sen anp R. SapDAsivaM. 


In the present work, the action of zinc dust and caustic soda, and 
zinc dust and ammonium chloride on aromatic nitro compounds has 
been further investigated with a view to study (a) the influence of the 
nature and position of the substituents on the formation of the azoxy, 
azo and hydrazo compounds and also on the subsequent benzidine 
transformation, and (b) the tinctorial properties of the dyes derived 
from the resulting benzidine compounds. 

Reduction with caustic soda and zinc dust is now found to be 
very efficacious in the preparation of azo and hydrazo compounds 
from substituted nitrobenzenes viz., m-nitrobenzoic acid, m-and 
o-nitrophenols, m-and 0-nitrobenzaldehydes (cf. Loewenherz, Ber., 
1892, 25, 2795). In the case of the nitroaldehydes not only is the 
nitro group reduced, but the aldehydo group also undergoes reduction 
to the primary alcoholic group. 

Comparing the yields obtained and the time of reduction of the 
nitro compounds to the hydrazo stage, it is found that the meta 
substituent influences the reduction more favourably than the ortho, 
although substitution in general retards the reduction of the nitro 
group. It is observed that the aldehydo group exerts the most and 
the phenolic group the least favourable mfluence on the formation of 
the hydrazo compounds. 

The mixture of zinc and ammonium chloride, previously used by 
Cumming and Steel (J. Chem. Soc., 1923, 123, 2464) for the reduction 
of a-nitronaphthalene to hydrazo and azo compounds, is found to be 
not suitable for the reduction of ordinary aromatic nitro compounds, 
although a heterocyclic nitro compound such as 6-nitrocoumarin is 
readily reduced yielding 60 per cent. azoxycoumarin and 30 per cent. 
aminocoumarin. 6-Nitrocoumarin is however completely reduced to 
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6-aminocoumarin by the action of zinc dust and caustic soda. Azoxy- 
coumarin is very similar in properties to the azocoumarin synthe- 
sised by coupling diazotised 6-aminocoumarin with coumarin (Chakra- 
varti, J Indian Chem. Soc., 1931, 8, 506). The solution of the 
compound in caustic soda undergoes geometrical inversion with 
mercuric oxide (cf. Sen and Chakravarti, J. Indian Chem. Soc., 1930, 
7, 247; Chakravarti, ibid, 1931, 8, 891). It is remarkable that 
azoxycoumarin on further reduction is converted wholly into 
aminocoumarin, no azo and hydrazo compounds being produced. 

On the benzidine transformation of the hydrazo compounds 
studied, the position and the nature of the substituents appear to have a 
marked influence. It is found from the yield of benzidine derivatives 
from the hydrazo compounds investigated that of the groups OH, 
COOH, and CH,OH, the OH group is most favourable for benzidine 
transformation while the CH,OH group retards it. It is also observed 
that generally the meta substituent is more favourable for the 
benzidine transformation than the ortho substituent excepting the 
alcoholic group which when in the meta position does not exert any 
beneficial influence. 

The new substituted benzidine compounds, prepared and described 
in this paper have also been tetrazotised, and the azo-dyes obtained 
from them by coupling with 8-naphthol and 8-napthol sulphonic acid 
are substantive to cotton, while those obtained by coupling with 
dimethylaniline and 8-naphthylamine behave like ordinary basic dyes. 
It is found that in all cases the azo-dyes derived from the ortho 
substituted derivatives produce deeper shades than the corresponding 
meta compounds. It is remarkable that even the meta compounds 
yield dyestuffs substantive to cotton which is not generally the 
case. 

EXPERIMENTAL, 

For the reduction of the nitro compounds to azo and hydrazo com- 
pounds with zinc dust, the mixture was mechanically stirred throughout 
the reaction, The stirrer passed through the inner tube of the con- 
denser fitted to the flask containing the alcoholic solution of the nitro 
compound and zinc dust, caustic soda solution being added drop by 
drop from the top of the condenser. In the case of nitrocoumarin 
the zinc dust was slowly added through a second tube in the cork 
fitted to the flask, which was closed after each addition. 

6-Azoxycoumarin.—6-Nitrocoumarin purified by crystallising from 
hot pyridine (10 g.) was mixed with alcohol (80 ¢.c,), ammonium 
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chloride .(21 g.) and water (25 c.c.) added. Zinc dust (18 g.) was 
gradually added keeping the temperature between, 70-75°. In about 
45 minutes the reaction was over. After cooling, the precipitated 
azoxycoumarin along with the zine dust was filtered and washed 
repeatedly with boiling water to remove traces of aminocoumarin 
formed, which crystallised out from the filtrate. The mixture of 
the azoxycoumarin and zinc dust was treated in small quantities 
with dilute hydrochloric acid to remove the zinc dust. It crys- 
tallised from hot nitrobenzene as pale yellow clusters of thin 
long needles melting above 300°, yield 60p.c. Itis insoluble in 
most organic solvents except hot pyridine and and nitrobenzene. It 
is soluble in caustic soda solution with a deep orange colour, but is 
insoluble in ammonia, sodium carbonate or bicarbonate solutions. It 
dissolves in concentrated sulphuric acid with a red colour and is 
reprecipitated on dilution. (Found:N, 8°29. C,,H;90O;Ngq requires 
N, 8°38 per cent.). 
Azozy-o-coumaric Acid. 


COOH ‘CH=CH N—N—/ \cH=CH'COOH 
HO 


¥U 
OH 


Azoxycoumarin (1 g.) was dissolved in a 10 p.c_ solution of 
caustic soda (20c.c.) “diluted with water (180 c.e,) and boiled for 
about 4 hour with mercuric oxide (3 g.). The cold solution was filtered 
from mercuric oxide and acidified with hydrochloric acid. The 
gelatinous precipitate, thus obtained was washed with water, dis- 
solved in ammonia, filtered and filtrate acidified, with dilute hydro- 
chloric acid. The precipitate was crystallised from alcohol as a 
yellow microcrystalline powder decomposing above 270°. It deco- 
lourises bromine water and dilute potassium permanganate solution 
readily in the cold. It easily dissolves in alcohol, acetone, dilute 
ammonia, sodium carbonate and bicarbonate solutions. With con- 
centrated hydrochloric acid its colour changes to deep violet. 
(Found: N, 7°7. © ,gH;40,;Ng requires N, 7°73 per cent.). 

The diethyl ester, prepared in the usual manner, crystallised from 
alcohol as a brownish yellow powder melting above 260°, yield 
70 p.c. (Found: N, 6°6. CggHo,O,Nyg requires N, 6'56 per cent.), 

m-Hydrazobenzoic acid.—To a mechanically stirred mixture of 
m-nitrobenzoic acid (9 g.) zinc dust (24g.) and alcohol (20 c.c.), a 
solution of caustic soda (12 g.) in water (40 c.c.) was added drop by 
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drop in about 1 hour, keeping the temperature at about 90°, When 
the solution became colourless, it was filtered and the alcohol 
distilled off in an atmosphere of hydrogen. The solution was then 
filtered and treated with excess of dilute acetic acid and the precipi- 
tated m-hydrazobenzoic acid washed and dried, yield about 65 p.c. 
It was found identical with the compound obtained by Greiss 
(Ber., 1874, 7, 1609) and by Strecker (Annalen, 1867, 144, 129) by 
different methods. (Found: N, 10°4. C,4H;90,No requires N, 
10°29 per cent.). 

m-Diaminodiphenic acid.—The reduced alkaline solution con- 
taining the m-hydrazobenzoic acid was freed from zinc and boiled 
with excess of concentrated hydrochloric acid for a short time and 
left overnight. The precipitated dihydrochloride of m-diaminodi- 
phenic acid was crystallised from hot water in white prisms from 
which the base itself was obtained as a microcrystalline solid by boil- 
ing with sodium acetate solution. It is easily soluble in caustic 
soda solution, sparingly in water and almost insoluble in dilute 
hydrochloric acid. (Found: N, 10°4. C},H)20,N¢ requires N, 10°29 
per cent.). 

m-Dihydroxybenzidine.—This compound was obtained by reducing 
m-nitrophenol and subsequent benzidine transformation of the 
hydrazo compound thus formed in a similar way to the above. It 
crystallised from acetone in plates, m.p. 140°, and was found to be 
identical with the compound obtained by Elbs and Kirsch from m- 
azophenol (J. pr. Chem., 1908, ii, 67, 265). (Found: N, 12°84. 
C19H;20gN¢ requires N, 12°96 per cent.). 

o-Hydrazophenol.—An alcoholic solution of o-nitrophenol was re- 
duced as previously described with zinc dust and caustic soda until 
colcurless. The solution was freed from zinc, the alcohol distilled off 
in an atmosphere of hydrogen, and the residue exactly neutralised 
with dilute acetic acid at 5°. The hydrazophenol that was precipitated 
along with zinc hydroxide was extracted with ether and the ether eva- 
porated off in vacuum. It crystallised in colourless plates, m.p. 148°, 
yield 55 p.c. (approx.). It is soluble in hot water, alcohol, ether, 
dilute hydrochloric acid and dilute caustic soda solutions. It dar- 
kens on exposure and it gives a deep red coloration with ferric chlo- 
ride. (Found: N, 12°8. 0;2H)90_N¢ requires N, 12°96 per cent.). 

Dibenzoyl derivative crystallised from chloroform as a brownish red 
microcrystalline powder, m.p. 186°. (Found: N, 6°47. CyogH,909N, 
requires N, 6°6 per cent. ). 
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o-Dihydroxybenzidine was prepared easily by directly treating the 
reduced solution after filtering off the zinc, with excess of concentra- 
ted hydrochloric acid at 0° and boiling the solution for a short time. 
On keeping overnight, the dihydrochloride crystallised as colourless 
plates. The free base was completely precipitated from aqueous 
hydrochloride solution with sodium carbonate. It crystallised from 
acetone in plates, m.p. 160°, yield 30 p.c. Hot water solution 
gives red precipitate with ferric chloride. It is soluble in dilute 
acids, caustic soda and sodium carbonate solutions, alcohol and 
acetone. (Found: N, 12°92. C,;9H,,0 Ne requires N, 12°96 per 
cent.). 

The dihydrochloride crystallised in colourless plates, m.p. 144°. 
(Found: Cl, 24°7. C,9H,40gNeClo requires Cl, 24°5 per cent.). 

Tetrabenzoyl derivative crystallised from chloroform as a micro- 
crystalline powder, m.p. 180°. (Found: N, 4°24. Cy oHogO0,gNe 
requires N, 4°4 per cent.). 

Dibromo derivative was prepared by adding bromine water to a 
solution of o-dihydroxybenzidine in dilute hydrochloric acid.It crystal- 
lised from alcohol as a red microcrystalline powder, m.p. 174°. 
(Found: Br, 42°66. C;3H,,02Ne2 Brg requires Br, 42°78 per cent.). 

Bismethylbenzozazole was prepared by boiling o-dihydroxybenzi- 
dine with excess of acetic acid and fused sodium acetate for about 
2 hours. The product was washed with acetic acid and crystallised 
from alcohol as glistening plates, m.p. 187°. (Found: N, 10°. 
C;¢H,40gN¢e requires, N, 10°6 per cent.). 

o-Dihydrozybenzidinebisazo-B-naphthol.—A solution of o-dihydro- 
xybenzidine was tetrazotised and coupled with an alkaline solution 
of 8-naphthol, after keeping overnight the precipitated sodium salt 
was filtered and dried. It is a violet powder soluble in water and 
dyes cotton and wool to a pink shade. (Found: Na, 13°02. 
C39H 9 904N4Nae requires Na, 13°26 per cent.). 

It crystallised from alcohol as a reddish brown microcrys- 
talline powder, m.p. 150°. (Found: N, 10°4 , CsgH g,0,N, requires 
N, 10°8 per cent.). 

o-Dihydroxybenzidinebisazo-8-naphthol sulphonic acid (2:6).— 
Tetrazotised o-dihydroxybenzidine was coupled with a faintly alkaline 
solution of 8-naphthol sulphonie acid. The reddish brown powder ob- 
tained on acidification, decomposes above 250° and dyes cotton and 
silk a pinkish shade. (Found: N, 8°12. C3gH»20,9N,4S¢ requires N, 
8°26 per cent.). 
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o-Dihydroxybenzidinebisazo-B-naphthylamine.—Tetrazotised o-dihy- 

droxybenzidine was coupled with a solution of 8-naphthylamine in 
acetic acid and the dye was preeipitated with sodium acetate as an 
orange powder melting above 250°. It gives a deep orange solution in 
acetic acid. (Found: N, 16°12. Cs9H»gg0,N,g requires N, 15°96 
per cent.). 
o-Dihydrorybenzidinebisazodimethylaniline was prepared by coup- 
j ling tetrazotised dihydroxybenzidine with dimetbylaniline in glacial 
; acetic acid. It was purified from alcohol, m.p. above 250°. (Found: 
N, 19°81. CogHso0gNe requires N, 20°0 per cent ). 

m-Azobenzyl alcohol.—A solution of m-nitrobenzaldehyde (10 g.) 
in alcohol (30 c.c.) was reduced at about 90° using zine dust (18 g.) 
and a solution of caustic soda (14 g. in water 40 e.c). In about 40 
bi minutes the solution attained a very deep red colour, when the 
reduction was stopped and the alcohol distilled off. On cooling m-azo- 
: benzyl alcohol crystallised out. It recrystallised from hot water 
i in orange yellow needles, m. p. 117°. It is freely soluble in alcohol 
i and acetone and insoluble in benzene and ether. (Found: N, 11°44. 
C,4H,4O_gNq requires N, 11°57 per cent.). 
i The diacetyl derivative crystallised from acetone as a yellow 
microcrystalline powder. (Found : N, 7°2. CogH220,Ng requires N, 
7°05 per cent.) 

m-Hydrazobenzyl alcohol_—m-Nitrobenzaldehyde was reduced as 
in the previous case until colourless. The hydrazo compound 
crystallised from pyridine, as a yellow microcrystalline powder, m. p. 
268°, yield 75 p. c. It is sparingly soluble in alcohol but easily dis- 
solves in sodium carbonate and caustic soda solutions, (Found: N, 
11°4. C,4H,¢02N¢ requires N, 11°51 per cent.). 

The diacetyl derivative crystallised from alcehol as yellow micro- 
t crystalline powder decomposing above 220°. (Found: N, 8°34, 

C,gH904Ne requires N, 8°56 per cent.). 

, The dibenzoyl derivative crystallised from chloroform as a 
crystalline yellow solid. (Found: N, 6°79. CggCo404Ng requires 
N, 6°93 per cent.). 

m-Dihydrorymethylbenzidine.—The reduced alkaline solution 
of above containing the hydrazobenzyl alcohol was freed from zinc 
and ‘ boiled with excess of concentrated hydrochloric acid for about 
20 minutes; after 3 or 4 hours the solution was filtered and neutralis- 
ed by the gradual addition of sodium hydroxide solution, when the 
m-dihydroxymethylbenzidine separated as a pale yellow precipitate. 
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The base was recrystallised from acetone as a white powder, m. p. 
177°, yield 28 p.c. Itis easily soluble in dilute acids and dilute 
caustic soda solution. (Found: N, 11°38. C,,4H,g02gN, requires N, 
11°61 per cent.). 

Tetrabenzoyl derivative crystallised from alcohol as micro- 
crystalline powder, m. p. 233°. (Found : N, 3°13. CygH30,Ny 
requires N, 3°28 per cent.). 

Tetracetyl derivative, prepared by the usual method crystallised 
from alcohol as brown microcrystalline plate melting above 250°. 
(Found: N, 6°83. CyggHo,O,gN, requires N, 6°9 per cent.). 

Dibromo derivative, prepared by adding bromine water to a solution 
of m-dihydroxymethylbenzidine in dilute hydrochloric acid, crystallised 
from alcohol as a deep brownish red microcrystalline powder melting 
above 270°. (Found: Br, 41°5. C,,H,,OgN,Brz requires Br, 41°8 
per cent.). 

m-Dihydrozymethylbenzidinebisazo-B-naphthol. —m-Dihydroxyme- 
thylbezidine (2 g.) was tetrazotised and coupled with an alkaline solu- 
tion of B-naphthol (2°95 g.). The azo-dye was purified from alcohol as 
a deep orange powder. It dyes silk a deep red shade from acetic acid 
bath. (Found: N, 10°4. C,4Hog0,N, requires N, 10°1 per cent.). 

m-Dihydrorymethylbenzidinebisazo-B-naphthol sulphonic acid (2 :6) 
was prepared from tetrazotised m-dihydroxymethylbenzidine and 
8-naphthol sulphonic acid in the usual manner. It is a reddish brown 
powder which decomposes on heating. The aqueous solution dyes 
cotton and silk a deep red shade. (Found : N, 7°8. C;,H,,0,N,8, 
requires N, 7°7 per cent.). 

m-Dihydrorymethylbenzidinebisazo-8-naphthylamine was _ pre- 
pared from m-dihydroxymethylbenzidine and purified from alcohol 
as an orange red powder, m. p. 120°. (Found: N, 14°1. C;,H,,0,N, 
requires N, 14°4 per cent.). 

m-Dihydrorymethylbenzidinebisazodimethylaniline, prepared from 
m-dihydroxymethylbenzidine and dimethylaniline, crystallised from 
alcohol as an orange microcrystalline powder, m. p. above 250°. 
It dissolves in acetic acid to a deep purple solution from whlch it 
dyes silk to a light orange shade. (Found: N, 16°57. Cy 9H;,0.Ng 
requires N, 16°5 per cent.). 

o-Hydrazobenzyl alcohol.—The method adopted was the same as 
that in the case of m-hydrazobenzyl alcohol using o-nitrobenzaldehyde 
instead. ‘The hydrazo stage was reached after 3 hours and the 
hydrazobenzyl alcohol crystallised from pyridine as a white microerys- 
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talline powder, m. p. 200°, yield 70 p.c. It is easily soluble in 
sodium carbonate and sodium hydroxide solutions but is almost 
insoluble in alcohol or acetone. On boiling it with concentrated 
hydrochloric acid it is converted after about 10 minutes to o-dihydroxy- 
methylbenzidine. (Found: N, 11:4. C;4,H;g0 Ne requires N, 11°5 
per cent.). 

Diacetyl derivative crystallised from hot glacial acetic acid as soft 
needles, m.p. above 250°. (Found: N, 8:5. C,gHg90,Nyg requires 
N, 8-5€ per cent.). 

Dibenzoyl derivative crystallised from alcohol asa pale brown 
microcrystalline powder, m.p. 107°. (Found: N, 6°86. C.gH»,0,No 
requires N, 6-98 per cent.). 

o-Dihydroxymethylbenzidine.—The procedure adopted was the same 
as in the case of the preparation of m-dihydroxymethylbenzidine but 
starting with o-nitrobenzaldehyde instead. It crystallised from acetone 
as a red microcrystalline powder, m.p. 185°, yield 40p.c. It is 
soluble in alcohol, dilute acids and dilute caustic soda solution. 
(Found: N, 11-65. C,,H,¢0gNe requires N, 11°5 per cent.). 

Tetrabenzoyl derivative crystallised from alcohol as a microcrys- 
talline powder, m.p. above 250°. It is sparingly soluble in 
chloroform and insoluble in benzene. (Found: N, 3-1. C4ygH390,Ne 
requires N, 3°23 per cent.). 

Tetracetyl derivative crystallised from alcohol as a brown micro- 
crystalline powder, m.p. above 250°. (Found: N, 6°88. CogH,,O,No 
requires N 6°9 per cent.). 

Dibromo derivative prepared by adding bromine water to a 
solution of the base in dilute hydrochloric acid crystallised from 
alcohol as a brown microcrystalline powder, m.p. above 250°. 


_ (Found: Br, 41:6. C,,H,,OgN2Bry requires Br, 41°8 per cent.). 


o-Dihydrozymethylbenzidinebisazo-8-naphthol was prepared in a 
manner analogous to that of m-dihydroxymethylbenzidinebisazo-f- 
naphthol. It recrystallised from alcohol as a violet powder, m.p. 
above 250°. It dyes silk to a bluish violet shade from an acetic acid 
bath. (Found: N, 10:3. C3,H,¢0,N,4 requires N, 10-1 per cent.). 

o-Dihydrozymethylbenzidinebisazo-B-naphthol sulphonic acid.—It 
was prepared similarly as dihydroxymethylbenzidinebisazo-8-naph- 
thol sulphonic acid (2:6) but starting from o-dihydroxymethylbenzi- 
dine. It is a brownish red powder dissolving in water to a red solution 
from which it dyes cotton and silk to a red shade. (Found: N, 
7°82. C34Hg,0,N,S_ requires N 7-7 per cent.), 
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o-Dihydrorymethylbenzidinebisazo-B-naphthylamine, prepared from 
o-dihydroxymethylbenzidine (1-5 g.) and 8-naphthylamine (2-2 g.) in 
the usual manner, crystallised from alcohol as a red microcrystlline 
powder, m.p. above 250°. It dissolves in glacial acetic acid to a 
reddish orange solution. It dyes silk a reddish orange shade from an 
acetic acid bath. (Found: N, 16°26. C39Hsg09N¢ requires N, 16°5 
per cent.). 

o-Dihydrorymethylbenzidinebisazodimethylanilne was prepared 
from tetrazotised o-dihydroxymethylbenzidine by coupling with an 
ice-cold solution of dimethylaniline and subsequent treatment with 
alkali. The compound was purified from alcohol asa dark coloured 
powder, m.p. above 250°. It dyes silk to a violet shade from an acid 
bath. (Found: N, 14-26. C,,HogN 0. requires N, 14°4 per cent.). 
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Parsipency COLLEGE Received June 25, 1981. 
CALCUTTA, 
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Composition of Kapok Seeds. 
By R. C. Matnorra. 


Eriodendron anfractoeum DC seeds were collected in September 
1923 and 1925 from Java, Sumatra and the Malaya State Settlements. 
These were stored in tin cans after drying and were properly sealed. 
Within three months these were pulverised. Their oils were extract- 
ed for 28 hours with petroleum ether in Soxhlet apparatus. Various 
values of the oils were quantitatively determined, in triplicate, by the 
same procedure as used by Griffing and Alsberg (Ind. Eng. Chem., 
1931, 28, 908). 


The data obtained from the above stated analysis is being present- 
ed below, which seem to indicate, that a definite and uniform compo- 
sition of these seeds, as assumed by the above quoted authors, is not 
a universal phenomena. There are many factors which may modify 
their composition. It not only depends on the time of collection of 
seeds, the manner of their storage, the age and variety of the parent 
plant and the character of the soil on which it is grown, but also on 
the geographical position where the plant may have been located. 
Table shows the composition of the oils extracted from kapok seeds 
collected from various geographical positions. 


= Obtained by the author. 
Java. Sumatra. Malaya States. 

Specific gravity at 25° 0°9225 0°9105 0°9216 0°9387 
Refractive index 1°4691 1°4691 1°3810 1°5081 
Sponification value 191°6 170°8 179°2 198°1 

Todine number (Hanus) 94°1 96°3 95°7 91°3 

Acid value 9°65 Not determined 

Saturated acids (°%) 17°15 18°90 17°35 19°60 
Unsaturated acids (%) 76°32 75°98 76°56 75°00 


This work was done while the author was in charge of the Biolo- 
gical Laboratories, Saint Marys, Kansas, U. 8. A. 


MatHorra STREET, 
Jammu Tawi, Kasemir. Received June 25, 1932. 
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Review. 


Quantitative Chemische Analyse—by Dr. C. A. Rojahn, fifth, 
fully revised edition, with 13 figures; P.XIV+283. Published by 
Theodor Steinkopff, Dresden and Leipzig, 1931. 

The present volume is a newly revised edition of Autenrienth’s 
Quantitative Chemical Analysis. The book deals with the methods 
for the gravimetric estimation of metals, acids (anions), as well as 
with the important methods of their separation from one another. 
Analysis of typical minerals and silicates has also been included. 
All the different methods of volumetric analysis. such as acidimetry, 
alkalimetry, oxidation-reduction, iodimetry, precipitation, etc., have 
as well been fully dealt with. Methods for the analysis of certain 
pharmaceutical preparations, as well as of important technical pro- 
ducts, like fats, oils, waxes, etc., have also been described. The 
chapter on water analysis deals fully with the subject though within 
anarrow compass. A short chapter is devoted on the analysis of 
phosphatic manures. The section on Colorimetry presents a special 
feature of the book, as it deals with most of the metals and impor- 
tant anions. The last chapter on electro-analysis furnishes all neces- 
sary informations on the subject, that might be required for every- 
day use in the laboratory. One, however, misses all informations 
about gas analysis, besides potentiometric and conductometric titra- 
tions. On the other hand, some of the older methods, which have 
been found to give unreliable results, have been retained without any 
justification. Asan instance, mention can be made of the separa- 
tion of Fe from Ni and Coby the basic acetate method. The same 
holds good also for the separation of Al from Ni and Zn. 


Though all detailed theoretical considerations have been more or 
less avoided throughout the book, still, as a companion for daily use, 
it will be welcome in all chemical and pharmaceutical laboratories. 


P. R, 
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The Oxidation of Sulphur Dioxide in the Electrodeless 
Discharge. 


By SampuraN Das Manganrt. 


Priestley (‘‘Experiments and observations on different kinds of 
air,"’ Birmingham, 1790, 2, 828) found that sulphur dioxide is 
decomposed by electric sparks. Buff and Hoffmann (Annalen, 
1860, 113, 129) showed that sulphur and sulphur trioxide are 
formed by the sparking of sulphur dioxide and that .sulphur 
trioxide is formed when a mixture of sulphur dioxide with half 
its volume of oxygen is exposed to the discharge. De Wilde 
(Ber., 1874, 7, 256) and Poliakoff (Mag. Chim. Cath. Katerinoslav,, 
1 26, 2 7) obtained similar results with the silent electric dis- 
charge. Deville (Bull. Soc. chim.. 1865, §8, 366) stated that a 
state of equilibrium is reached which prevents the completion 
of the reaction. but that if sulphur trioxide is removed as fast 
as it is formed by absorption with concentrated sulphuric acid 
or water, the reaction may proceed to completion. Berthelot 
(Ann. chim. Phys., 1898, vii, 14, 167, 289) said that some pplati- 
num sulphide may be formed on the platinum electrodes. 
According to Poliakoff the oxidation of sulphur dioxide is 
more or less completely dependent on the concentration, pres- 
sure, etc. If oxygen alone is subjected to the action of the dis- 
charge, it will unite with sulphur dioxide when removed from 
the influence of the discharge. Sulphur dioxide is, however, not 
so act ivated. - 

Henry and Wolf (J. Phys. Radium, 1929, 10, 81) believe that 
the emission spectrum of sulphur dioxide produced by an oscillating 
discharge is attributable to the production of sulphur monoxide. 

The action of the electrodeless discharge in producing chemical 
changes has been the subject of investigation in these laboratories 
(Bhatnagar, Sharma and Mitra, J. Indian Chem. Soc., 1928, 
5, 879 ; Mahant, ibid., 1929, 6, 705 ; Yajnik, Sharma and Bhatnagar, 
Z. Phys. Chem., 1930, 148, 394) and the present communication 
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contains the results of a study of this source of excitation on the 
oxidation of sulphur dioxide. 


EXPERIMENTAL. 


The apparatus used in the present investigation is shown in the 
diagram. The aspirator A and the connecting tube upto stop-cock 
S, and S, were evacuated by connecting to the vacuum pump 
through the stop-cocks 8,, Sg, 83, and S,. Stop-cock Sg was then 
closed and sulphur dioxide led into aspirator by opening the stop-cock 
S,, till the required pressure was indicated by the manometer M,. 
This was then closed and oxygen allowed to enter through the stop- 
cock S, till the manometer indicated no vacuum. Stop-cock 8, 
was then closed and the gases allowed to diffuse into one another for 
2hours. The ratio of the gases in the mixture was calculated 
from the partial pressures as recorded by means of the manometer. 


? 4 Act 
cc v 


sce 1 
= a ?_s 
A — a4 or 
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At the end of this interval, the discharge tube system was con- 
nected to the vacuum pump and evacuated. The mixture was then 
allowed to leak into the discharge tube through the stop-cock S, via 
the cocks 8,, S;, and S, (the tube toS, and Sg having been dis- 
connected) while the discharge was allowed to pass for 5 hours. The 
rate of leakage of the gas into the system was regulated by means of 
the stop-cock 8,. The mixture of gases was passed through « trap 
T, (immersed in ice) and then through @ bubbler B containing a 
strong solution of caustic soda as it emerged out of the discharge 
tube. The pressure, at which the discharge was allowed to pass, 
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was 5-10 mm. and the system was evacuated from time to time to 
maintain this vacuum. 

After the exposure the stop-cock 8S; was closed and S, loosened 
to allow air to sweep the tubes. The discharge tube was disconnected 
and well washed with water. The bubbler B was also well washed 
and both the washings mixed. The sulpbite and sulphate contents 
were estimated and from this the percentage of oxidised sulphur 
dioxide was calculated. 

The apparatus for the production of the electrodeless discharge 
has already been described (cf. Bhatnagar, Shrivastava, Mathur 
and Sharma, Phil. Mag., 1928, 62, 1226). 

Preliminary investigations showed that only sulphate and 
sulphite were present in solution after exposure. No thionates 
could be detected except possibly in the case of pure sulphur 
dioxide when a yellowish precipitate was obtained with Hg(NOs)9 
but no precipitate was obtained with HgClg or AgNO, and no 
decolorisation could be noticed with KMnO,. Free sulphur in a 
state of fine division was found to be sticking to the sides of the dis- 
charge tube when pure sulphur dioxide was subjected to the 
influence of the discharge and a drop of mercury in the discharge 
tube acquired a black coating of HgS. When the discharge was 
passed through a mixture of SO, and oxygen, a drop of mercury in 
the discharge tube formed a white coating which gave tests showing 
that a sulphate of mercury had formed. 

Effect of the discharge on mizxtures of different composi- 
tions.—Mixtures of different compositions were made by varying the 
ratio of the gases mixed in the aspirator and the effect of the 
discharge on these was studied. The results are given Table I. 


TaBe I. 
Composition (S03: 03) ... 50:50 60:40 70:30 80:20  100:0 
80s oxidised (% ) ven 26°5 29°55 23°37 19°96 65°26 
35°79 22°94 17°08 3°68 
40°23 25°69 19°28 3°94 


Influence of change of frequency on the percentage of sulphur 
dioxide oxidised. —The frequency of the oscillations from the secondary 
of the Tesla coil can be varied by varying the capacity in the 
circuit. To study the effect of change of frequency, the capacity in 
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the circuit was varied in the following way: In the first two experi- 
ments, two and four plates of the condenser were connected and in 
the last two experiments two and four plates from a similar condenser 
were connected in parallel with the 4 plates of the first condenser. 
A mixture of 60% SO, and 40% oxygen was used in this investiga- 
tion. The results are given in Table II. 


Taste IT, 
No. of plates 2 4 6 8 
Approx. capacity 
(microfarads) 22°4 67°2 89°6 134°4 
SO, oxidised (%) 33°23 35°79 87°62 34°08 


Influence of mercury.—During the course of the investigation 
mercury leaked into the discharge tube in some experiments in 
which the Hg seal stop-cock had been accidentally left loose. It was 
noticed in these cases that the percentage of sulphur dioxide oxidised 
was much greater. Careful analysis showed that though part of this 
increase was due to the precipitation of mercurous chloride along 
with the barium sulphate in the estimation, some of it was really 
due to some sort of catalytic effect of mercury. A regular investi- 
gation of this was undertaken and mixture of different compositions 
exposed to the discharge in the presence of mercury. The results 
are given in Table III. 


Tasie IIT. 
Composition (SO3: 0g) ... 60 : 40 70 : 30 80 : 20 
SO oxidised (% bes foe 42°73 80°57 
51°11 88°18 36°82 


Spectrographic study.—To elucidate the mech nism of the re- 
action, a spectral study of the discharge produced in the system was 
undertaken. The discharge tube employed for this purpose was 
the same as used for a study of oxygen in the electrodeless discharge 
and the arrangement of the apparatus altered to suit the require- 
ments. Spectra of the glow produced in pure sulphur dioxide, sul- 
phur dioxide in the presence of mercury, sulphur dioxide and oxygen 
as mixture, sulphur dioxide and oxygen in the presence of mercury, 
and of mercury in vacuum were taken on a Hilger E3 quartz 
spectrograph, Ilford special rapid panchromatic plates being used for 
photographing the spectra. 
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The mercury resonance line at 2586°7 A was not detected on the 
plates. 


Discussion. 


The results indicate that the maximum amount of sulphur dioxide 
is oxidised when the mixture has » composition of 60% sulphur 
dioxide and 40% oxygen. This may be compared to the 66% sulphur 
dioxide and 33% oxygen mixture which Buff and Hoffmann ‘loc. cit.) 
found was slowly converted into sulphur trioxide when subjected to 
the spark discharge. Coehen and Becker (Z. Phys. Chem., 1919, 70, 
88) showed that on illumination by ultraviolet light the reaction 
2 SO, + Op-=——=2 SO, is in equilibrium when about 100% of the 
sulphur trioxide has been formed, whereas in the light of a mercury 
lamp the equilibrium is reached when about 65% of the sulphur 
trioxide has been formed. They also showed that the equilibrium 
constant is independent of the proportions of sulphur dioxide and 
oxygen in the mixture and of the temperature. 

The results on the influence of change of frequency do not show 
much change in the percentage of sulphur dioxide oxidised, the vari- 
ations in the results being within the limits of experimental error. 
This is in agreement with the results of Hunt and Schumb (J. Amer. 
Chem. Soc., 1930. §2, 3152) on the effect of the electrodeless dis- 
charge on carbon dioxide. These authors did not find any appreciable 
variation in the percentage of decomposition when the wave-length of 
the discharge was changed from 51 to 34 metres, 

Aqueous solutions of sulphur dioxide are known to be slowly oxi- 
dised to sulphuric acid with the precipitation of sulphur. Thivsul- 
phuric and polythionic acids are also known to be formed in the 
course of the autoxidation. (cf Mellor, ‘‘ Treatise on Inorganic and 
Theoretical Chemistry,’’ London, Vol. X, p. 207), The absence of these 
thiosulphates and polythionates in the products of the reaction due to 
the electrodeless discharge shows that the mechanism of the process 
is not akin to autoxidation. According to Coehen (Z. Electrochem., 
1907, 21, 545 ) the photochemical decomposition of sulphur dioxide 
furnishes sulphur and oxygen, the latter being largely used up to form 
sulphur trioxide. Hill (Trans. Faraday Soc., 1924, 20, 107) believes 
that the primary process involves either a dissociation of the sulphur 
dioxide molecule into atomic sulphur and molecular oxygen or simply 
an activation of the sulphur dioxide molecule so that the final result 
in either case is 3 SOg = 2 SO; + 8S. 
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As already stated, Poliakoff (loc. cit.) has shown that if oxygen 
alone is subjected to the influence of the silent electric discharge, it 
will unite with sulphur dioxide even when removed from the influence 
of the discharge. Sulphur dioxide is however not so activated. 

The general similarity of the spectra of the glow of sulphur dioxide 
and of mixtures of sulphur dioxide and oxygen shows that pure 
sulphur dioxide is first decomposed into oxygen and sulphur when 
subjected to the electrodeless discharge. The activated oxygen then 
combines with sulphur dioxide to give sulphur trioxide. In the case of 
mixtures of sulphur dioxide and oxygen, the oxygen alone is activated 
and combines with sulphur dioxide, It cannot be definitely said at 
present if the activation of oxygen is due to the formation of ozone or 
due to an activation of the molecule of oxygen as such. According 
to Hunt and Schumb (loc. cit.) there is no change of pressure when 
oxygen is exposed to the electrodeless discharge and hence no ozone 
is formed. This aspect of the question is under iuvestigation and 
will be discussed in a separate communication. 

The exact réle of mercury in increasing the percentage of sulphur 
dioxidefie dso being investigated. 

The thanks of the author are due to Prof. 8. S. Bhatnagar, 
D.Sec., F. Inst. P., Director of the University Chemical Labora- 
tories for his interest and guidance during the course of this 
investigation. 


University CHEMICAL LABORATORIES. 


UNIVERSIs¥ OF THE PANJAB, 
LaHorE. Received July 22, 1932. 

















Dyes Derived from Acenaphthenequinone. Part III. 
Azines and Indigoid Yat Dyes. 


By Sisirn Kumar Guaa. 


This communication, which is an extension of the work of Sircar 
and Guha (J. Chem. Soc., 1924, 125, 335) and Guha (ibid., 1931, 
582), embodies the preparation of acenaphthaphenazines containing 


O 
the chromophoric group, Ne in the ‘‘benzo’’-ring of the mole- 


cule and a study of their properties. The azines obtained are 
9-nitro-, 8-chloro-9-nitro-, 3-bromo-9 nitro-, and 3:4:9-trinitroace- 
naphthaphenazines. All these coloured bodies are characterised by 
their very sparing solubility in alcohol. Although very stable 
they volatilise without decomposition when heated strongly above 
their melting points yielding coloured vapours of the respective 
substances which deposit again as pure dyes. The first three com- 
pounds dye wool a shade of lemon-yellow and «he last named pro- 
duces a deep yellow shade from an acid bath when freshly precipi- 
tated by water from strong sulphuric acid solution. 

9-Aminvoacenaphthaphenazine has also been obtained from the 
corresponding nitro compound by reduction (cf. Heckendorn, 
Helv. Chim. Acta, 1929, 12, 50). The identity of the compound 
was established by the preparation of the same aminoazine from 
acenaphthenequinone and reduced chrysoidine (cf. Witt, J. Chem. 
Soc., 1886, 49, 401). It dyes wool in bright yellow shades from an 
acid bath which is fast to alkali and acid but not to light. 

The following table shows that the dyeing shades of some of the 
azines mentioned are .. no way inferior to those of the correspond- 
ing phenanthraquinone derivatives (Heim, Ber., 1888, 21, 2305; Witt, 


loe, cit.}. 
Compound. Dyeing shade on wool. 
9- Nitroacenaphthaphenazine Lemon yellow 
Nitrophenanthraphenazine ” os 
9-Aminoacenaphthapbenazine Bright ,, 
Aminophenanthraphenazine ” 


Finally, three derivatives of 2-thionaphtheneacenaphthylene- 
indigo, commercially known as Ciba scarlet G (Rezdzik and Friedlan- 
der, Monatsh., 1908. 29, 306; Grob, Ber., 1908, 44, 8331; E. P. 
84408; A. P. 891690 containing Cl, Br and NO, respectively in the 
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acenaphthene part of the molecule, have been prepared*. 
These substances bear resemblance to azines exhibiting their dis- 
tinctive sulphuric acid reaction. Further, they behave similarly to 
nitroazines (loc. cit.), when heated above their melting points. Alka- 
line hydrosulphite forms a coloured vat with each of these compounds 
from which the dye can be reprecipitated by treatment with air. The 
dyed shades are quite even and fast. These dyes were also found 
quite suitable for dyeing on wool from an acid bath when freshly 
precipitated unchanged from strong sulphuric acid solution by water. 

A comparison of the scarlet red shade obtained from the chloro- 
and bromoindigoid derivatives on cotton 2s well as on wool with 
that of the same shade of Ciba scarlet G (prepared for the purpose) 
on same medium, exhibits that notwi'hstanding the decisive redder 
shades of the former two compounds, brilliancy and glazy pleasant- 
ness are prominent in the shade of the latter, the mother compound. 
Work in this line is in progress. 


EXPERIMENTAL. 


ahi meet 


<7 4y/\ 
< SM iO, 


The crystalline yellow precipitatate. produced by bringing to- 
gether acenaphthenequinone (0°72 g.) and 4-nitro-o- phenylenediameic 
(0°61 g.} in 50 c. c. of boiling glacial acetic acid, after being purified 
by boiling successively with a small quantity of alcohol and acble, 
acid in which the condensation product was only sparingly solution 
separated from pyridine in beautiful lemon yellow prisms or from 
aniline in thin square plates, m.p. above 310°. It is soluble in 
aniline or pyridine, sparingly soluble in chloroform, benzene, or amyl 
alcohol and insoluble in caustic alkalis, ammonia or ether. It 
dissolves in strong sulphuric acid with a reddish brown colour and 
when reprecipitated by water dyes wool in lemon-yellow shades from 
an acid bath. (Found: N, 13°99. C,,H,O,N3 requires N, 14°04 
per cent.). 


* In German patent 282170 halogenated derivatives of Ciba scarlet G, obtained 
by condensing thioindoxyl with halogen derivatives of acenaphthenequinone have 
been described. Editor. 
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8-Chloro-9-nitroacenaphthaphenazine separated in lemon-yellow 
clusters of needles during heating 3-chloroacenaphtheneqninone 
(0°43 g.) and 4-nitro-o-phenylenediamine (0°31 g.) in 40 c.c. of boiling 
glacial acetic acid for 15 minutes. It was first boiled with aleohol and 
then for sometime with a little acetic acid. The residue recrystallis- 
ed from acetic in lemon-yellow needles, m.p. 287° (shrinking 
previously at 284°). It is soluble in benzene, chloroform, acetic 
acid, pyridine or amy] alcohol, sparingly soluble in alcohol or acetone. 
The substance gives a deep reddish brown solution with concentrated 
sulphuric acid and dyes wool in lemon-yellow shades from an acid 
bath. (Found: Cl, 10°26. C,gHgO,N,Cl requires Cl, 10°64 per 
cent.). 

3-Bromo-9-nitroacenaphthaphenazine was similarly obtained in 
rectangular crystalline precipitate from 3-bromoacenaphthenequinone 
(0°52 g.) and the diamine (0°31 g.) in 53 c.c. of boiling glacial acetic 
acid and crystallised from pyridine in fine lemon-yellow needles, m.p. 
205°. It is similar in appearance and in solubility to the preceding 
compcund and dyes wool in lemon-yellow shades from an acid bath. 
(Found: Br, 21°39. C,,H,gO,N,Br requires Br, 21°16 per cent.). 

8:4:9-Trinitroacenaphthaphenazine.—A _ solution of 4-nitro- 
o-phenylenediamine (0°31 g.) in hot glacial acetic acid (16 c.c.) was 
added to the solution of powdered 8:4-dinitroacenaphthenequinone 
(0°54 g.) in 70 c.c. of boiling glacial acetic acid and the mixture kept 
boiling for 20 minutes. The resulting yellowish brown liquid when 
cooled, separated the condensation product in deep yellow rectangu- 
lar plates which after being purified by boiling with alcohol recrys- 
tallised from moderately strong acetic acid. The azine melts at 
300-1°, and gives a light yellow solution in concentrated sulphuric 
acid and dyes wool in deep yellow shades from an acid bath. It is 
soluble in benzene, chloroform, acetone, acetic acid, pyridine or 
aniline, sparingly soluble in alcohol, ligroin or amyl alcohol. (Found: 
N, 18:12. C,3H,O,N; requires N, 17°99 per cent.). 

9-Aminoacenaphthaphenazine.—(i) 9-Nitroacenaphthaphenazine 
(1 g.) suspended in absolute alcohol (60 c.c.) was reduced by stannous 
chloride (4 g.) and concentrated hydrochloric acid (6¢.c.). The 
mixture was boiled on the water-bath with occasional shaking. It 
first turned pink-red and then to dark magenta-red and finally violet 
coloured precipitate of the hydrochloride of the base separated in 
1}—1} hours. Water (180 c.c.) was added to the reaction mixture 
and the whole warmed, filtered, and the alcohol distilled off. The 


2 
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dark magenta-red solution on treatment with strong ammonia slowly 
separated the aminoazine in deep yellow flakes. This was collected 
and further purified by dissolving in a little cold dilute hydrochloric 
acid (2N approx.) and excess of cold water and liberating the base 
again by the addition of ammonia. It was finally crystallised from 
xylene or in better yield from aniline in silky rectangular prisms. 
The crystals were thoroughly washed with cold dilute acetic acid 
(2N approx.) and boiling water. It does not melt below 310°. 
Concentrated sulphuric acid dissolves it with an orange-red coloration 
and it dyes wool in bright yellow shades from an acid bath. It is 
readily soluble in chloroform, acetone, alcohol, amy! alcohol, pyridine 
or aniline, moderately soluble in benzene or ether. It dissolves in 
cold glacial acetic acid yielding reddish brown solution from which 
the base can be reprecipitated by the addition of alkalis. It is 
insoluble in cold dilute acetic acid. (Found: N, 15°64. C,,H,,Ns; 
requires N, 15°61 per cent.). 

(ii) Second method,—Powdered chrysoidine hydrochloride (1°8 g.), 
dissolved in hot glacial acetic acid (65 c.c.) was reduced by gradually 
adding zinc dust (9—10g.). The colourless filtered solution was 
added to the solution of acenaphthenequinone (1 g.) in 55 c.c. of 
glacial acetic acid and the mixture boiled for 2—3 minutes. On 
adding powdered anhydrous sodium carbonate to the cooled deep 
brown solution and stirring, a pasty mass was obtained. This was 
treated with water (250 c.c,) and the separated brown amorphous 
precipitate filtered, and washed with hot water. It was purified in 
the same way as in the first method and found to be identical with 
the preceding aminoazine. (Found: N, 15°39. C,,H,,Nz; requires 
N, 15°61 per cent.). 

2-Thionaphthene-8' (3!-chloro) acenaphthylene-indigo. 
co 
/\4n oti 
| | ° >w=ct—€ vel 
. 47 
6! or 


i | 
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3-Chloroacenaphthenequinone (0°64 g.) in boiling glacial acetic acid 
(25 c.c.) was treated with concentrated hydrochloric acid (1 ¢.c.) and 
to this mixture a solution of 3-hydroxythionaphthene (0°45 g.) 
in 25c.c. of hot glacial acetic acid added. The mixture was 
heated on the water-bath at 80-85° for 10 minutes when deep scarlet 
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red needle shaped crystals separated. These were filtered, washed 
with acetic acid and hot water. For further purification it was suc- 
cessively boiled with a little alcohol and acetic acid and finally crys- 
tallised from acetic acid, pyridine or amy! alcoho! in scarlet red need- 
les, m. p. 280°. Itis soluble in benzene, chloroform, xylene, pyri- 
dine, aniline, amyl alcoho! or acetic acid and sparingly soluble in ace- 
tone, alcoho! or ligroin. Strong sulphuric acid dissolves it with a 
deep green solution from which water reprecipitates the original 
substance which dyes wool from an acid bath in scarlet red shade. 
With alkaline hydrosulphite it gives a bluish violet vat by which 
cotton is coloured scarlet red when exposed to atmospheric oxygen. 
(Found: Cl, 10°54. Cg H,O,CIS requires Cl, 10°18 per cent.). 

2-Thionaphthene-8'°(3'-bromo)- acenaphthylene-indigo was pre- 
pared from 3-bromoacenaphthenequinone (0°52 g.) and 3-hydroxy- 
thionaphthene (0°3 g.) in the same way as and possesses properties 
similar to the preceding compound, m.p. 287°. (Found: Br, 
20°21. Cy9H,O,BrS requirres Br, 20°35 per cent.). 

2-Thionaphthene- 8'(3! :4!-dinitro)- acenaphthylene-indigo. — The 
solutions of 3:4-dinitroacenaphthenequinone (0°27 g). in 50 c.c. of 
glacial acetic acid and 3-hydroxythionaphthene (0°15 g.) in 30 c.c. 
of glacial acetic acid were made free from dissolved air by passing 
dry carbon dioxide for 5 minutes and mixed together and 5c.c. of 
concentrated hydrochloric acid added. The mixture was boiled for 
5-6 minutes by which time dark red crystalline precipitate separated. 
This was filtered at once, washed first with acetic acid and then with 
hot water. After being boiled with alcohol it was crystallised from 
pyridine in hexagonal prisms, not melting below 300°. It is so- 
luble in pyridine or xylene, moderately soluble in chloroform or ben- 
zene and sparingly soluble in alcohol, amyl alcohol, or acetic acid. 
It dissolves in strong sulphuric acid giving a blackish brown solu- 
tion and dyes wool in dark red shades from an acid bath. The vat 
formed by the action of the alkaline hydrosulphite on this dye is 
yellow-brown and on exposure to air the dark red colouring matter 
is regenerated on cotton fibre. (Found: N, 6°75. Cg9Hg0,N,8 
requires N, 6°93 per cent.). 

I avail myself of this opportunity to express my thanks to Dr. 
K.8. Caldwell, Principal, Science College, for his interest during the 
progress of the work. 


Science COLLEGE, 


Patna, (B. &.0.). Received July 23, 1932, 














Actinodaphnine. An Alkaloid from Actinodaphne 
Hookeri, Meissn. 


By 8S. Krisuna anv T. P. GHose. 


Actinodaphne, vern., Pisi (Bomb.) ‘‘ belongs to a genus of trees 
or bushes (N. O. Laurineae) comprising of about 50 species of which 
9 or 10 are Indian, inhabiting the warm, moist forests of the lower 
hills. It is found common in eastern and western Ghats of 8. India 
and in Kanara and particularly in Mahableshwar. A cold infusion 
of the leaves is mucilaginous and is used in urinary disorders and in 
diabetes’’ (Dymock). Allied to Actinodaphne are the Litsea 
species and the best known of which is Litsea sebifera, vern., Maida 
lakri (Hind.). It is a very popular Indian divg and frcm its bark an 
alkaloid has been isolated which is identical with laurotetanine, an 
alkaloid, isolated by N. Greshoff from three species of Java Litseas 
(Ber., 1890, 28, 3537). This is also said to be present in several 
other plants belonging to the N. O. Laurineae. 

The present work was undertaken to find if laurotetanine was 
the principal active constituent of Actinodaphne hookeri, which is 
reputed in Ayurvedic system of medicine to be efficacious in diabetic 
diseases. And for this purpose the bark of the tree was extracted in 
the usual manner whicb yielded about 0°7 per cent. of an alkaloid 
and the pure product from this was obtained on repeated crystallisa- 
tion from suitable solvents, as it was only in this manner that the 
last traces of the colouring matter were possible to remove. The 
alkaloid crystallises in stout prisms, m.p. 210—11°. The analytical 
data, molecular weight, equivalent weight, etc., all tend to indicate 
for the alkaloid the formula C,,H;,0,N and a molecular weight of 
313. It has been found to contain a hydroxyl, a methoxyl 
and a N-methyl group. Possibilities of a second hydroxy! and 
methoxy! group have also been explored but with negative results. 
The alkaloid gives no oxime or a phenylhydrazone and therefore, the 
absence of an aldehydic or carbonyl! grouping is strongly suspected. 
From these it appears that the alkaloid from Actinodaphne hookeri 
bark is quite different from Jlaurotetanine which contains three 
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methoxy! and one hydroxyl group. It is, therefore, proposed to 
designate this alkaloid ss Actinodaphnine. 

There appears to be a certain similarity between actinodaphnine 
and bebeerine, an alkaloid found in the bark of Nectandra rodiaci and 
Herandia sonora (N.O: Laurineae). Bebeerine crystallises from 
methyl! alcohol in small prisms, m.p. 214°, It is soluble in alkalis. 
It has a formula of C;,H,,0;N; it is a tertiary base containing one 
methoxyl, one hydroxyl and one N-methyl group, but in the 
physical data of its salts it is quite different to those of actino- 
daphnine (Scholtz, Arch. Pharm., 1898, 236, 530). 

The leaves of Actinodaphne hookeri were also examined and a 
dark brown amorphous base was isolated but the quantity was too 
small for proper identification. The alkaloid forms amorphous salts 
and has been found to possess an acid equivalent of 487. The salts 
of actinodaphnine, on the other hand, are all easily crystallisable and 
from this it appears that the leaves contain a different alkaloid from 
that contained in the bark of the tree. 


EXPERIMENTAL. 


Extraction of the alkaloid from the bark.—Various methods were 
tried for extraction of the alkaloid with a view to getting the best 
yield and the one finally adopted is as follows: 500 G. of the finely 
powdered bark (containing 9 p. c. moisture) was mixed with 
sodium carbonate (200 g.), triturated with a little water (100 g.) and 
extracted with 90 p. c. alcohol by cold percolation till the alcohol 
was colourless. The alcohol from the extract was completely 
removed by distillation under reduced pressure and the residue 
extracted several times with 3 p. c. acetic acid. The colouring 
matter from the extract was removed by precipitation with lead 
acetate and after removal of the excess of lead acetate and 
sulphuretted bydrogen in the usual manner, the alkaloid was 
precipitated with ammonia. If at this stage the acid liquors are 
still coloured, the same can be removed by treatment with animal 
charcoal. The precipitated base was extracted with excess of ether 
which dissolved the base but very little of the colouring matter. The 
ethereal extract on drying over anhydrous magnesium sulphate was 
distilled to remove the solvent when the alkaloid was left behind as 
a white crystalline powder in a yield of about 0°7 p.c. The 
usual chloroform-ether extraction gave only O°5 p.c. yield. This 
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procedure has an additional disadvantage in that the alkaloid could 
never be completely freed from the colouring matter when chloroform 
was employed for extraction. 

The crude alkaloid, obtained in the above manner, was crystallis- 
ed from acetone containing a little water and the crystals so formed 
were dried in air on a_ porous tile melting at 206—7°. 
These still retained some colouring matter which was possible 
to remove only on crystallisation from benzene, and on final 
crystallisation from absolute alcohol the alkaloid was obtained in 
prismatic needles, m.p. 210°—11°. (Found: C, 68°8; H, 5°8; N, 
4°3; M. W., 310 (Rast), C,;gH,;,0,4N requires C, 69°0; H, 61 ; 
N, 4°5 per cent.; M. W., 313). 

Actinodaphnine is deztrorotatory, [a]*f = +32°77° in absolute 
aleohol. It does not contain any water of crystallisation as its 
weight and melting point remain unaltered on drying at 105° for 
several hours. It is almost insoluble in water but dissolves freely 
in alcohol, acetone, chloroform, and benzene and is sparingly soluble 
in ether. In most of the solvents it shows a pale blue fluorescence. 
On exposure to light it darknes. It dissolves in caustic alkalis from 
which it is recovered unchanged but it is insoluble in sodium carbo- 
nate. It dissolves in concentrated sulphuric acid with a beautiful 
pink colour .which on standing deepens to purple and on warming to 
redddish brown or black. In cold concentrated sulphuric acid contain- 
ing traces of dichromate or nitric acid it develops a deep blue colour 
while with nitric acid alone it forms a deep yellowish brown colour. 
Aqueous solution of its hydrocloride gives a reddish brown colora- 
tion with dilute ferric chloride solution. 

Actinodaphnine hydrochloride was obtained by dissolving the 
base in aleobol and adding alcoholic acid. On addition of ether to 
the above mixture and standing, the hydrochloride crystallised out 
in needles and these on twice recrystallisation from alcohol and 
ether gave fine silky needles, m. p. 280—81° with frothing and de- 
composition. (Found:HCl, 10°15. C,;gH,, O,N, HCl requires HC), 
10°3 per cent.). It is only moderately soluble in cold water and its 
aqueous solution is dextrorotatory, [a] = +8°—45': The hydro- 
chloride when prepared and crystallised from aqueous solution and 
dried in air melts at 280° and no water of crystallisation was found 
even when kept at 105° for a few hours. 

Hydroiodide was prepared by suspending the base in methy! 
alcohol and adding hydroiodic acid, also dissolved in methyl alcohol, 
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till just faintly acidic. On addition of ether to form opalescence and 
on standing stout prismatic needles separated which on recrystallisa- 
tion from alcohol melted at 264—65° with frothing and decomposi- 
tion. (Found: HI, 29°38. C,gH;90,N, HI requires HI, 29°0 per 
cent.). 

Sulphate. —The base was suspended in water and dilute sulphuric 
acid added till just acidic. The sulphate rapidly crystallised out 
in fine silky needles from the solution in which it is only moderately 
soluble. Recrystallisation from dilute alcohol gave colourless silky 
needles which turn yellow or brown on keeping in evacuated desic- 
cator. The sulphate contains 3 molecules of water of crystal- 
lisation. The dried salt melts at 249—50° (decomp.). [Found : H,SO,, 
13°7. (CygH,90,N)g, H,~SO, requires H,SO,, 13°3 per cent. }. 

Picrate was prepared in the usual manner and on recrystallisa- 
tion from dilute alcohol separated in fine silky needles, containing 
one molecule of water of crystallisation. The dried salt decomposes 
at 220 —22° without melting. 

Methiodide was obtained by refluxing on a water-bath a mixture 
of the base (2g.) in methyl] alcohol (60 c.c.) and methyl iodide (4 y.). 
On removal of the solvent the methiodide separated as brown silky 
needles and on recrystallisation from alcohol-ether mixture, melted 
at 248—44°. (Found: CHI, 31°4. C,,H,;,0,N, CHI requires 
CHglI, 31°2 per cent.). 

Methozyl group was determined by Perkin’s modification of 
Zeisels method (J. Chem. Soc., 1903, 83, 1367). (Found: OCHs. 
13°9. C;gHygO,N requires OCHs;, 9°9 percent.). The results for 
methoxyl group were intermediate between the values calculated for 
one and two methoxyl group and is slightly less than that required 
for one methoxyl and one N-methyl group and from this it appears 
that the alkaloid contains one OCH, and one NCH; group which 
partially decomposes to give the higher values for OCH3;. 

Hydroxyl group.—Actinodaphnine could not be acetylated by 
direct tréatment with acetyl chloride as in the case of laurotetanine 
(Filepe, Arch. Pharm., 1898, 236, 601). It was, therefore, acetylated 
by heating 2 g. of the base dissolved in excess of acetic anbydride 
on a water-bath at 70°—75°. After about 3 hours heating the solu- 
tion was poured in water when the acetylated product precipitated 
as a white powder. This was collected, dried and recrystallised 
from ethyl acetate as light brown tufts of prisms. Dried at 105° 
it melted at 229—80°. (Found: C, 67°9 ; H, 5°65. C;,H,,0;N‘OAc) 





ACTINODAPHNINE 433 


requires U, 67°6 ; H, 5°9 per cent.). The acetylated product (dry) 
was hydrolysed with N/2 alcoholic potash, on a waterbath for 1 hour. 
(Found: OAc, 155°7. C,g3H,,0,N°OAc requires, 157°7). 

Benszoylation was conducted in the usual manner by treating 
the base (2 g.) with benzoy! chloride (12 ¢.c.). The product when 
crystallised from alcohol and ethyl acetate, was obtained as light 
yellow plates, m.p. 232—33°. 


Summary. 


1. From the bark of Actinodaphne hookeri a new alkaloid has 
been isolated which is different from the alkaloids, laurotetanine, 
bebeerine and buxine found in certain plants of the N. O. Laurineae, 
The new alkaloid has been designated as actinodaophnine. 

2. The preliminary examination shows it to possess the formula 
C,gH,90,4N, Mol. wt. 313 and contain a methoxyl, a N-methyl and 
a hydroxy! group. 


Forest Resgarcu InstiTote, 
Deura Don, U. P. Received August 10, 1932. 











The Directive Effect of Substituents on the Cyclisation 
of Substituted s-Diarylthiocarbamides. Part I. 
The Effect of Fluoro, Iodo, and Cyano Substituents 
on the Formation of Anilinobenzthiazole 
Derivatives from Mono-p-substituted 
Thiocarbanilides and Bromine. 


By Poxsert Fercus Hunter. 


The object of the investigation of which this is Part I, is to study 
the effect of different substituents and hydrocarbon groupings on 
the thiazole cyclisation of s-diarylthiocarbamides by bromine and 
other reagents. 

Before embarking on a discussion of the effect of substituents on 
the cyclisation of thiocarbanilides by bromine, it is necessary to 
explain our view of the mechanism of the transformation. Since 
Lecher’s experiments on the oxidation of tetrasubstituted thio- 
carbamides to disulphide derivatives (Annalen, 1925, 445, 35) have 
invalidated all the classical arguments in favour of the formula 
NH,‘C(SH): NH for thiocarbamide, and the X-ray analysis of this 
compound (Hendricks, J. Amer. Chem. Soc., 1928, 50, 2455) indicates 
that it has the thioamide structure, CS(NHg)g, in the crystalline 
condition, it is evident that the salts of thiocarbamides (Dixon, 


J. Chem. Soc., 1917, 111, 318) should be written [ e,),c=98.1¥, 
and are clearly the reactive units in the well known oxidation experi- 
ments already referred to. 

It may therefore be assumed that a diarylthiocarbamide will 
normally be present in solution in an inert solvent such as chloro- 
form, in the thioamide phase (I). The first action of bromine would 
therefore be expected to result in the formation of a dibromide 
(II), in which bromine may subsequently migrate as ion to the 
nitrogen atoms, yielding the salt (III), which can give rise 
to either of the tautomerides (IV) or (V) by incipient loosening of 
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hydrogen bromide (Hunter and Jones, J. Chem. Svc., 1980, 
2190). 


Ar'NH 
Ar NH Ar'NH * 
eas + Se=sbry —* Sesbr 
Ar" NH Ar" NH 4 
Ar’ NH 
(1) (11) (111) 
Ar'NH Ar’'N 
Sesbr Sesbr 
Ar’ NF Ar NH 
(IV) (V) 





Recombination of the eliminated hydrogen bromide with the 
amidines (IV) and (V) will, however, result in the production of a 
common ammonium ion (VI) (Burtles and Pyman, J. Chem. Soc., 
1923, 128, 362), in which it may be assumed that the charge is 
located to the extent of approximately a half positive charge on each 
nitrogen atom (compare Dyson, Hunter, Jones and Styles, J Indian 
Chem. Soc., 1931, 8, 147). 


+4 +4 © ; 
ee Br 

SBr 

(VI) 


Elimination of bromine from the bromothiol grouping in this alony 
with the ortho hydrogen atom of the aromatic nucleus on which ring 
formation takes place, then yields the hydrobromide, or hydroper- 
bromide, of the anilinobenzthiazole. 

The effect of a substituent R, on the direction of cyclisation of 
a substituted thiocarbanilide (VII), may therefore be assumed to 
depend on its relative effect on the reactivity of the hydrogen atoms 
attached to the nuclear carbon atoms which are ortho to the nitrogen 
atoms in the amidine ion (VIII). 


¢ >-s Gi _. ke ee H-c-NaC > | 


(VII) (VIII) 
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s - S 
CoH Sonn »k So CHK >. Cl 
NF — NF 


(LN) (X) 


It has previously been shown that the bromination of p-chloro- 
and p-bromo-s diphenylthiocarbamides (VII, R=Cl and Br) gives 
rise to 4/-substituted-l-anilinobenzthiazoles (IX) (Dyson, Hunter, 
and Soyka, J. Chem. Soc., 1920, 458). As might therefore be 
anticipated, it has been found that ring formation occurs on the 
unsubstituted nucleus when p-fluoro-, and p-iodo-s-diphenylthiocarba- 
mide (VII, R=F and I) are treated with bromine under the usual 
conditions, with the production of the corresponding 4/-substituted-1- 
anilinobenzthiazoles (IX, RK=F and 1), whose formulae are 
established by their synthesis from 1-chlorobenzthiazole (X) and the 
corresponding p-halogenounilines. 


Particular interest attaches itself to the effect of the cyano 
group in view of the meta directive property of triple linkages 
in aromatic substitution, which has been attributed (Baker, Cooper, 
and Ingold, J. Chem. Soc., 1928, 426) to the tendency of a system 
of six electrons which are mutually shared by two atomic nuclei, 
to attract additional electrons in order to form a stable association 
of eight, or if possible, ten electrons. This can be represented 


symbolically in the case of hydrocyanic acid as HG ©N, and 
provides an explanation for the acidity of this compound and for the 
non-basicity of the nitriles. 

As might be anticipated from this, the cyano group in p-cyano-s- 
diphenylthiocarbamide causes cyclisation to take place on the un- 
substituted nucleus on treatment with bromine, with the production 
of 4/-cyano-1-anilinobenzthiazole (IX, R=CN). 


The fact that this group, and the strongly meta directing nitro 
group (Hunter and Jones, loc. cit.) do not favour cyclisation on the 
nucleus opposite to that involved in the case of thiocarbanilides 
containing 0-p-directive substituents, is due to the fact that meta- 
substitution is essentially a residual effect produced by the 
disappearance of free affinity from the o-p-positions in an aromatic 
nucleus (compare Ingold, Annual Reports of the Chem, Soc.. 
1926, 134). 





438 R. F. HUNTER 


EXPERIMENTAL. 


p-Fluoro-s-diphenylthiocarbamide.—A solution of p-fluoroaniline 
(0°7 c.c.) in absolute alcohol (5 ¢.c.) was added to phenylthiocarbi- 
mide (0°8 ec.c., dissolved in 5 c.c. of the same solvent) and the 
mixture was heated for a short time and then concentrated on a 
water-bath. On recrystallisation from alcohol, the thiocarbamide 
was obtained in glistening plates, m.p. 175-76°. (Found: §, 130. 
C,3H,,NoF5 requires S, 13°0 per cent.). 

4'-Fluoro-1-anilinobenzthiazole (IX. R=F). (i) The action of 
bromine on p-fluoro-s-diphenylthiocarbamide.—A suspension of the 
thiocarbamide (07 g.) in chloroform (8 c.c.) was treated 
with bromine (0°9 c.c. in 1 c. c. of chioroform) and the mixture was 
heated on a water-bath. under reflux, for 3 minutes and then slightly 
concentrated. The hydroperbromide crystallised in yellow plates 
which were collected un porous earthenware, dried 1n a vacuum, and 
reduced in sulphurous acid suspension with sulphur dioxide in the 
usual way (Hunter, J. Chem. Soc., 1925, 127, 2023). On basifica- 
tion with ammonia (d 0°880) and recrystallisation from alcohol, 
4!-fluoro-1-anilinobenzthiazole was obtained in glistening needles, m p. 
200-201°. (Found: 8S, 12°9. C;,H,NgFS requires S, 13°1 percent.). 
(ii) Synthesis from 1-chlorobenzthiazole and p- fluoroaniline.—A 
mixture of approximately equimolecular proportions of 1-chloro- 
benzthiazole and p-fluoroaniline was heated in a test tube over a 
large luminous flame until! a violent reaction took place (compare 
Dyson, Hunter, and Soyka, loc. cit.). The product was basified 
with ammonia (d 0°880) and recrystallised from alcohol when 
4/-fluoro-l-anilinobenzthiazole was obtained which had m. p. 
200-201° alone, and when mixed with the specimen obtained from 
p-fluorodipheny|lthiocarbamide. 

p-Iodo-s-diphenylthiocarbamide, prepared as in the case of the 
fluorine analogue, separated from alcohol in crystals, m.p 168°. 
‘Found: 8, 94. C;3H,,NgIS8 requires 8, 9°0 per cent.). 


4’-Iodo-1-anilinobenzthiazole (IX, R=I). (i) The action of bromin« 
on p-iodo-s-diphenylthiocarbamide.—A suspension of the iododiphens|- 
thiocarbamide (0°5 g.) in chloroform (5 c. c.} was treated with bromine 
‘le.e.) and the mixture was heated under reflux on a steam-bat! 
for 10 minutes. The iodoanilinobenzthiazole obtained by reduction 
of the hydroperbromide with sulphurous acid and basification with 
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ammonia, separated from alcohol-ethy! acetate in long prisms, m. p. 
218°. (Found: 8, 9°4. C};Hy)N.IS requires 8, 9°1 per cent.). 

(ii) Synthesis from 1-chlorobenathiazole and p-iodoaniline.—The 
black gum obtained by basifying the condensation product of 1-chloro- 
benzthiazole and p-iodoaniline, was dissolved in alcohol and the 
solution was kept. Slightly impure 4’-iodo-1-anilinobenzthiazole 
separated after some time in the form of grey coloured prisms, which 
was identified by m. p. and mixed m. p. with the specimen 
already described. 

p-Cyanoaniline was conveniently prepared as follows: 28 G. 
of finely powdered p nitroaniline were made into a paste with 80 c.c. 
of 20 p.c. hydrochloric acid, and the mixture was diluted to 250 
c. c. with water and cooled to 0°. This was diazotised with 28 
c.c. of 60 p. c. sodium nitrite in the usual way, and the solution of 
the diszonium salt was rapidly added to cuprous cyanide solution 
(prepared from 200 c. c. of 25 p. c. copper sulphate solution and 200 
c. ¢. of 25 p. c. potassium cyanide solution at 80°, at 100°, and the 
mixture was kept at this temperatura for 30 minutes. The p- 
cyanonitrobenzene obtained in this way was isolated by distillation 
in steam, superheated to 140°, in an efficient draught cupboard; 
m. p. 147°. yield 40 p.c. The nitro derivative (20 g.) mixed 
with granulated tin (40 g.) and 25 p.c. hydrochloric acid (60 c. c.) 
was gently heated on a steam-bath to start the reduction. The 
eyanoaniline obtained in this way was liberated by 30 p. c. sodium 
hydroxide in the form of a fine white suspension which was repeated- 
ly extracted with ether, and the base thereafter crystallised from 
dilute alcohol, m.p. 86°, yield 50 p. c. p-Cyano-s-diphenylthiocar- 
bamide, prepared by condensation of p-cyanoaniline and phenylthio- 
carbimide in alcoholic solution, separated from alcohol in silvery 
plates, m. p. 161-62°. (Found: S, 12°7. C,,H,,N;8 requires 8, 
12°7 per cent.). 

4!-Cyano-1-anilinobenathiazole (IX, R=CN). (i) Bromination of 
p-cyano-s-diphenylthiocarbamide.—A suspension of the cyanodiphenyl- 
thiocarbamide (0°8 g.) in chloroform (8 c. c.) was gradually treated 
with bromine (1 c.c. in lc. c. of chloroform) when the thiocar- 
bamide dissolved and a red gum separated. The mixture was heated 
on a water-bath, under reflux, for 3 minutes when hydrogen bromide 
wasevolved, Onslight concentration and cooling, the hydroper- 
bromide crystallised in orange-red crystals which were dried ina 
vacuum and then reduced in sulphurous acid suspension with sul- 
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phur dioxide. On basification and recrystallisation from alcohol, 
4'-cyano-1-anilinobenzthiazole was cbtained in the form of aggregates 
of small needles, m. p. 206°. (Found: 8, 12°7. C,;,H )N;S_ requires 
8S, 12°75 per cent.’. 

(ii) Synthesis from 1-chlorobenzthiazole and p-cyanoaniline.— 
The base obtained by basification of the condensation product of the 
chlorobenzthiazole and p-cyanoaniline had m. p. 208° after recrystal- 
lisation from alcohol, and melted at 207° when mixed with the 
specimen of 4’-cyano-l-anilinobenzthiazole obtained from the 
bromination of the cyanodiphenylthiocarbamide. 


Tus Moustim UNIvERsITY, 
ALIGARH. 


Received August 27, 1932 














Preparation and Properties of Highly Concentrated 
Sols. Part II. Sols of Vanadium Pentoxide, 
Silicic Acid and Molybdic Acid. 


By C. AHOBALACHARYA AND N. R. Dwar. 


In a recent communication (Mittra and Dhar, J. Indian Chem, 
Soc., 1932, 9, 315) the methods of preparation and properties of 
highly concentrated sols of ferric, chromic and aluminium hydroxides 
have been investigated. In this communication, we are presenting 
the results obtained with concentrated sols of vanacium pentoxide, 
silicic acid and molybdic acid. 

In several publications from these laboratories, (compare Ghosh 
and Dhar, J. Phys. Chem., 1929, 33, 1905) we have emphasised that, 
some properties of the sols of vanadium pentoxide, silicic, titanic, 
antimonic, tungstic and molybdic acids are fundamentally different 
from those of the sols of ferric, chromic, aluminium and other 
hydroxides, because the first group of sols is always associated with 
some amount of the acids in the dissolved condition. The behaviour 
of this group of hydroxide sols is far more complicated than that of 
the other hydroxide sols, e. g., Fe (OH);, Cr (OH)s, Al (OH)s, etc. 


Vanadium Pentozide Sol. 


This sol was prepared according to the method of Biltz. A 
known weight of ammonium vanadate was made into a pasty mass 
in a pestle and mortar by adding small quantities of water and an 
equivalent amount of hydrochloric acid was added to it, drop by 
drop. The red precipitate obtained was removed to a filter paper and 
washed till it had the tendency to pass into colloidal condition. The 
precipitate was removed in a Jena glass bottle and vigorously shaken 
with the addition of a small quantity of water till a clear deep red 
sol was obtained. The sol was further purified by dialysis. The 
experiments were carried in a thermostat at 30° 

From day to day as the dialysis was in progress, the concentration, 
density, viscosity and the coagulation of the sol by electrolytes were 
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determined with increasing purity of the sol. The following are tlie 
experimental results : 


TABLE I. Taste II. 
Sol A. Conc. =14°72 g. V,0, Sol B. Conc. =23°34 g. V,0, 
per litre. per litre. 
Viscosity of water at 30° =0°00803. 
Days Cone. Density. Viscosity. Days Conc. Density. Viscosity. 
dialysed. g./litre. dialysed.g./litre. 
0 14°72 =61°010 3=—00"02035 1 23°34 1°005 0°02984 


> 1 14°20 1°009 = 0°02103 
13°48 1011 O°02111 
13°36 ©1009 +=0°02127 
13°12 1°009 0°23989 
13°00 1°012 0°36294 
12°44 1°013 Highly viscous 


22°96 17006 0°03068 
21°60 1°006 0°03229 
21°50 = 1°114 003281 
21°42 = 1114 =0°04489 
21°26 1°101 0°10355 
20°56 1101 0°16870 
19°94 1°101 Highly viscous 


ore 8 wb 
on oer lOtlUWDUlUDNO 





10 19°40 1°101 Jelly formed 


The influence of the concentration on the viscosity of vanadium 
pentoxide sol of different degrees of purity was investigated and the 
results are as follows: 


TaBie ITI. 
Sol dialysed for 1 day. Sol dialysed for 6 days. 
Cone. g./litre. Viscosity. Cone. g./litre. Viscosity 

14°2 0°02103 13°12 0°23989 
ie | 001282 6°56 0°01218 
5°55 0°01026 3°28 0°01002 
2°84 0°C0959 2°624 0°00945 
1°42 0°00851 1°312 0°00879 
0°71 0°00834 0°656 0°00854 


The coagulation of the vanadium pentoxide sol by potassium and 
barium chlorides was determined at 30° and 60° in order to find out 
the influence of temperature on coagulation of the sol. The 
following are the experimental results: 
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TaBLe IV. 
Sol A. Conc. = 14°72g. V,O, per litre. 
Total volume=6 c.c. Time= 1 hour. 
Temp. 30° Temp. 60° 
Days Amt.of Amt. of Ratio of Amt. of Amt. of Ratio of 
dialysed. N/20. N/50- ppt. conc. N/20- KCl. N/50 ppt. conc. 
KCl. BaCly. BaCly. 
0 1°81 c.c. 0°62 c.c. 7°30 2°00 c.c. 0°61 oc. 82 
1 1°75 0°61 717 1°95 0°60 8°125 
2 1°59 0°57 7°00 1°78 0°56 7°95 
3 1°48 0°54 6°85 1°66 0°53 7°83 
6 1°38 0°52 6°63 1°54 0°50 7°70 
7 1°26 0°50 6°30 1°43 0°49 7°31 
8 1°18 0°49 6°02 1°35 0°48 7°00 
Sol B. Conc. = 23°34 g. VO; per litre. 
1 1°97 0°60 8°21 2°60 0°70 9°29 
2 182 «087 Ss 80 2°40 0-67 8°95 
3 1°66 0°54 3°68 2°23 0°65 8°60 
4 1°44 0-50 7°20 1°97 0°60 8°21 
5 1°25 0°46 6°80 1°72 0°54 7°96 
6 114 0°44 6°48 1°53 0°50 7°65 
7 1°06 0°42 6°31 1°40 0°47 7°45 
9 101 0°41 6°16 1°33 0°45 7°39 
10 0°96 0°40 6°00 1°20 0°44 6°82 


The influence of the concentration of a sol on the amounts of 
electrolytes necessary for coagulation was also investigated with 
vanadium pentoxide sol and the results are as follows: 


TABLE V. 
Conc. = 14°72 g. VO, per litre. 
Total volume=6 c.c. Time=1 hour. Temperature = 30°. 
Days dialysed. Dilution. Amt. of N/20- Amt. of N/50- Ratio. . 
KCl. BaCl. 

9 original 1°01 c.c. 0°41 ¢.c. 6°16 

10 ” 0°96 0°40 6°C0 

9 10 times 1°50 0°12 31°26 


10 ” 1°40 0°12 29°17 
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TaBLe VI. 
Sol B. Conc. = 23°34 g. V,O, per litre. 
Volume=6 c.c. Time =1 hour. Temp. =30°. 
Dilution. Amt. of N/20.KCl to Amt. of N/20-KCI to coagulate 
coagulate the fresh sol. the sol aged for 8 dayse 
B 1112 c.c. 0°57 c.c. 
B/5 1°87 0°47 
B/10 1°49 0°42 
, B/20 1°56 0°38 
B/40 1°58 0°36 


Silicic Acid Sol. 


A sol of silicic acid was prepared bythe hydrolysis of silicon 





tetrachloride. A Kahlbaum sample of silicon tetrachloride was added 
drop by drop to ice cold water, and the sol thus formed was purified 


by dialysis. 

The density, viscosity and coagulation of the sol were also 
investigated from day to day as the dialysis progressed. The results 
are as follows: 











TaBLe VII. 
Sol A. Sol B. 
_Days Cone. Density Viscosity Cone. Density Viscosity 
dialysed. at 30°. at 30°. at 30°. at 30°. 
0 25°78 1°200 0°00965 32°32 1°223 0°00823 
1 22°78 1116 0°00983 30°48 1°182 0°00834 
2 21°96 17112 0°00994 29°12 1°143 0°00845 
3 21°64 1°009 0°01047 29°00 1°110 0°00964 
4 21°04 1°012 0°01256 28°23 1098 0°00998 
5 20°76 + 1°014 0°01269 27°62 1°100 0°01142 
6 20°72 + 1°010 0°01312 27°02 1°09 0°01826 
7 20°68 1°12 001503 26°34 1°07 0°U2684 
8 20°58 1°010 0702084 25°88 1°06 0°1498 
9 20°40 1°010 0°14460 25°34 1°06 0°2342 
10 - _ Highly - _ Highly 


viscous viscous 
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The influence of concentration on the viscosity of silicic acid sol 
of different degrees of purity was investigated and the results are as 
follows : 


Taste VIII. 
Sol A. 
1st day of dialysis. 8th day of dialysis. 

Conc. Viscosity. Conc. \ iscosity, 
24°62 0°01445 19°56 0°14980 
12°31 0°01123 9°78 0°01504 

6°15 0°00984 4°89 0°01266 

4°92 0°00942 8'91 0°01082 

2°46 0°00856 1°95 0°00981 

1°23 0°00839 0°98 000877 


Freshly prepared silicic acid sol cannot be coagulated by uni- and 
bivalent electrolytes but it becomes unstable in the presence of a 
small quantity of alkali. Hence the sol was always coagulated in 
the presence of small quantities of ammonium hydroxide and the 
results are as follows: 





TaBie IX. 
Conc. = 82°32 g. SiO, per litre. 0°2 C.c, of N- NH,OH added. 
Time=1 hour. Total volume=6 c.c. 
Temp. 30° Temp. 60° 
Days Amt. of Ant. of Ratio. Amt. of pony of Ratio. 
dialysed. | 2N-KCl. N/10-BaCl,. 2N-KCl. N/10-BaCl,. 
0 1°86 c.c. 0°80c.c. 46°5 1°20 c.c. 0°66 c.c. 36°36 
1 1°80 0°76 47°37 117 0°63 37°14 
2 1°72 0°70 49°14 1°06 0°55 38°54 
3 1°65 0°65 50°80 1°02 0°52 39°23 
4 1°58 0°60 52°66 0°98 0°46 42°60 
5 1°50 0°65 54°54 0°96 0°43 44°65 
6 1°48 0°52 56°92 0°90 0°39 | 46°15 
7 1°44 0°50 57°60 0°86 0°36 47°77 
8 141 0°47 60°00 0°84 0°33 50°90 
9 1°40 0°45 62°20 0°83 0°82 51°87 
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In order to study the influence on silicic acid sol, coagulation 
experiments were carried on with the sol sensitised by different 
amounts of ammonium hydroxide and the results are recorded 
below : 


TABLE X. 


Total volume=6 c.c. Time=1 hour. Temp. =30°. 


Sol dialysed for 2 days. Conc= 7°52 g. SiOz per litre. 
Amount of Amt. of 3N-KCl Amt. of N/10- Ratio of ppt. 
13 N-NH,OH necessary for BaCl, necessary conc., mono/bi. 

added. coagulation. for coagulation. 
0°20 c.c. 0°96 c.c. 1°01 c.c. 28°5 
0°25 0°95 051 55°9 
0°30 0°94 0°41 68°8 
0°40 0°92 0°31 89°0 
TaBie XI. 
Sol dialysed for 4 days. Conc. = 5°78 g. SiOz per litre. 


Total volume=6c.c. Time.=1 hour. Temp.=30°. 


Amt. of Amt. of 3N-KCl Amt of N/10-BaCl, Ratio of ppt. conc., 
N-NH,OH necessary for necessary for mono/bi. 
added. coagulation. coagulation. 

0°2 c.c. 0°90 c.c. 0°23 c.c. 117°4 

0°25 0°88 0°21 125°7 

0°30 0°86 0°20 129°0 

0°40 0°85 0°19 134°2 


Molybdic Acid Sol. 


Molybdic acid sol was prepared by the action of nitric acid on 
concentrated solution of ammonium molybdate. The amount of 
nitric acid added was such that the white precipitate formed just 
redissolved. The sol was purified by dialysis. 

The viscosity of the sol was practically the same as that of water 
at the same temperature, although the sol was highly concentrated. 
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The sol was coagulated by potassium chloride and barium chloride 
and the results are as follows: 


TaBLeE XII, 


Conc. = 128°62 g. MoO, per litre. 


Vol. of the sol=2¢.c. Total vol.=6c¢.c. Time=1 hour. 











Temp. 30° Temp. 60° 
Days Conc. neces- Ratio. “Cone. necessary Ratio. 
dialysed. sary to coagulate to coagulate 
KCl. BaCl,. KCl. BaCl,. 
1 O1N 0°00533 N 18°74 0°08 N 0°0035 N 22°86 
2 0°0129N 000133 N 9°70 0°0065 N 0°00066 N 9°85 
3 0°001383 N 0°000166 N 8°00 0°0033 N 0°0004 N 8°25 
4 0°000766 N 0°'000107N 7°16 0°0025 N 0°00032 N 781 
5 000055 N 0°000093N 6°91 0.00216 N 0°00031 N 7°00 
6 0°00088 N 0°000070 N 4°71 0°00183 N 0°000296 N 618 
7 0°00023 N 0°000053 N 4°34 0°00133 N 0°000276 N _ 4°84 
8 0°000166 N 0°000043.N 3°86 0°0010383 N 0°000266N 3°88 
: Discussion. 


From the foregoing tables, it will be clear that the viscosity of 
vanadium pentoxide and silicic acid sols increases markedly with 
their purity. This behaviour appears to be more pronounced with 
silicic acid sol than with vanadium pentoxide sol. The viscosity of 
undialysed and freshly prepared sol B of silicic acid, which is quite 
concentrated, does not differ very much from that of water; but 
after dialysis lasting for a week, the viscosity is greatly increased. 

In order to obtain strictly comparable results we must take 
into consideration the influence of ageing on the properties of 
these sols. It has been emphasised in several publications that 
colloids have no definite composition, but it changes with time. The 
viscosity of sols of silicic and vanadic acids increases on ageing as 
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will be evident from the following results (cf. Ghosh and Dhar, 
loc. cit.). 


Vanadium pentoxide sol. Silicic acid sol. 


Conc. =1°093 g./litre. Conc. = 12°075 g./litre. 
Date. Viscosity Date. Viscosity at 30° 
(compared with water.) 

4 Dec. 1922 1°080 7 April 1927 0°00872 

6 Dec. 1922 1°085 2 May 1927 0°00919 
8-Dec. 1922 1°100 18 July 1927 0°01121 

18 Dec.. 1922 1'110 
28 Dec. 1922 1182 


Recently Chakravarti (D.Sc. Thesis, Allahabad University) has 
obtained exactly similar results on ageing with more concentrated 
sols of vanadium pentoxide. 

On comparing these results on the influence of ageing on viscosity 
of sols of vanadium pentoxide and silicic acid with those obtained 
regarding the influence of purity on the viscosity of these sols, it will 
be clear that the latter influence is much more prominent than the 
former one. Thus with vanadium pentoxide sol, the ageing effect in 
14 days is only a three percent. increase of viscosity, whilst on 
purifying the sol for a week or so by diaiysis, the viscosity of sols A and 
B are enormously increased, although the concentrations of the sols 
are less than those of the freshly prepared undialysed ones. Similar- 
ly with silicic acid sol, the viscosity increases about six per cen$. in 
25 days due to ageing, whilst after ten days dialysis, both the sols 
A and B become highly viscous. Consequently, even when we take 
’ into account the increase of viscosity of these sols on ageing, it will 
be evident that the viscosity increases with the dialysis of the sols. 
As the sols become purer and purer on dialysis, the adsorbed electro- 
lyte becomes less and the electric charge on the particles of the sol 
decreases. Along with the decrease of the charge, the viscosity of 
the sol markedly increases. Hence these results obtained with 
vanadium pentoxide and silicic acid sols are in agreement with the 
conclusion of Dhar that the greater the purity and less the charge on 
the sol, the greater is its viscosity. 

Chakravarti, Ghosh and Dhar (J. Phys. Chem., 1930, 34, 330) 
have deduced that if N,, No, Nz,...N, be the precipitating concen- 
trations of uni-, bi., tri-,...x valent ions, then 


N, :Ng:N3...:N,=1:}0:1/8a:..,:1/xa*-! where aco fier 


that is a lies between 0 and 1 and is a proper fraction, g=charge on 
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the colloid, D=dielectric constant of the medium, r=distance of the 
double layer, T=absvlute temperature and K=Boltzmann constant. 
It follows from the foregoing relation that when T or D increases or 
q decreases, a tends to become unity. In other words, as the charge 
on the colloid particles decreases, the precipitating concentration 
of uni-, bi-, and trivalent ions tend to be in the ratio 1:4:}. 

Moreover, it follows from the above relation that when the tem- 
perature is increased, there should be a tendency of the precipitating 
concentrations to arrange in the ratio 1:4:}. 

The experimental results obtained with vanadium pentoxide and 
molybdic acid sols show that the ratio of the precipitating concen- 
trations with potassium chloride and barium chloride appreciably 
decreases with the purity of the sols and these results are in agree- 
ment with the theoretical deductions of Chakravarti, Ghosh and Dhar 
already referred to. 

It has already been stated that sols of vanadium pentoxide, silicic 
acid, molybdic acid and tungstic acid are always associated with the 
respective substance in the dissolved condition. With time the 
dissolved molecules, existing in large amounts in freshly prepared 
sols, agglomerate and form colloid particles, but on increasing the 
temperature of freshly prepared sols of vanadic and molybdic acids, 
the amount of dissolved substance is increased as will be evident in 
the case of vanadic acid from the following results obtained by 
Ghosh and Dhar (loc. cit.) with vanadium pentoxide sol : 


Concentration of sol=7°41 g. V,O, per litre. 


Amounts of V 0x dissolved in 


Sol. 10 c.c. of sol. 
Unboiled sol on 10 Nov. 1927 0°0038 g. 
Unboiled sol on 12 Dec. 1927 0°0033 
Boiled sol 0°C072 


Now the stability of the sols of vanadic and molybdic acids in- 
creases with the increase in the amount of the dissolved acids, which 
yield negative ions adsorbable by the sols, and these sols are nega- 
tively charged. It is evident from the results recorded in this paper 
that the amounts of univalent positive ions required to coagulate these 
sols are much greater than the amounts of bivalent positive ions and 
consequently slight change in the stability of the sols is likely to 


5 
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affect the precipitating concentration of potassium chloride more than 
that of barium chloride. Thus the ratio of the precipitating con- 
centrations of potassium and barium chlorides is greater when the 
coagulation is carried at 60°. than at 30°, because of the increased 
stability of the sol at 60°. This behaviour is observed only with 
the freshly prepared sols of vanadium pentoxide. With the aged sol of 
vanadium pentoxide, the amount of potassium chloride required for 
coagulation is less at 60° than at 30° (cf. Dhar and Satya Prakash, 
J. Phys. Chem., 1930, 34, 954). 

The results on the coagulation of silicic acid sol by potassium 
and barium chlorides at 30° and 60° show that at 60°, the sol 
becomes unstable for both the electrolytes and the ratio of the 
precipitating concentration of potassium chloride to that of barium 
chloride is much less at 60° than at 30°. Consequently, this sol 
shows a different behaviour regarding its stability at higher tempera- 
tures from that of vanadic and molybdic acid sols. In precipitating 
silicic acid sol by electrolytes we have observed that the sol was 
extremely stable towards electrolytes and in order to effect preci- 
pitation by potassium and barium chlorides, the sol was mixed with 
traces of ammonium hydroxide, which sensitizes the sol. In a 
previous communication, Ghosh and Dhar (loc. cit.) showed that 
the sensitising influence of traces of alkali is due to the formation of 
soluble silicates and dissolution of some of the complex and aggre- 
gated molecules of silicic acid. 

It is obvious that the dissolution and the formation of silicate by 
the addition of traces of ammonium hydroxide is more pronounced 
at higher temperatures than at lower ones, and consequently, the 
sensitising influence of ammonium hydroxide towards silicic acid is 
greater at 60° than at 30° and the sol is less stable at 60° than at 30°. 

Moreover, it will be seen that in the coagulation of silicic acid sol, 
which has been rendered unstable towards electrolytes by the addition 
of small quantities of ammonium hydroxide, the amount of barium 
chloride required for coagulation decreases more rapidly than the 
quantities of potassium chloride necessary for coagulation as the 
purity of the sol increases. It has also been observed in Tables X and 
XI that the decrease in the amouut of barium chloride necessary for 
coagulating silicic acid sol in presence of increasing amounts of ammo- 
nium hydroxide acting as a sensitiser, is more pronounced than the 
decrease of the amount of potassium chloride under identical condi- 
tions, 
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It appears, therefore, that the sensitising influence of ammonium 
hydroxide on silicic acid sol is more pronounced on its coagulation by 
bivalent electrolytes than by monovalent ones and the increased 
purity of the silicic acid sol affects more markedly its coagulation by 
barium chloride than by potassium chloride. Hence these two pro- 
perties of silicic acid sol appear to be related and seem to be due to 
the existence of the sol particles of different degrees of agglomeration 
along with the dissolved silicic acid and the possibility of forming 
sparingly soluble barium silicate on the addition of barium chloride to 
silicic acid containing small amounts of ammonium hydroxide. 

These sols become unstable towards their coagulation by electro- 
lytes on ageing as is generally observed with other sols. This 
behaviour may be ascribed to the formation of bigger aggregates from 
the colloidal particles on ageing and the consequent decrease in the 
number of the adsorbed stabilising ions. Moreover, these sols also be- 
come unstable on being heated specially when the sols are aged. We are 
of opinion that heating accentuates the ageing phenomenon specially 
with silicic acid sols and the stabilising ions are given out and thus 
the sols become unstable towards their coagulation, silicic acid sol being 
very sensitive to heat specially when aged. Thus a sol of silicic acid 
containing 22°54 g. of SiO, per litre sets to a stiff jelly on heating. 
Similar heat sensitivity of silicic acid sols has been reported by 
Flemming (Z. Phys. Chem., 1902, 41, 427) and Pauli and Valko 
(Kolloid Z., 1926, 38, 289). In this respect silicic acid behaves like 
some typical lyophillic colloids. In previous papers (Dhar and Gore, 
J. Indian Chem. Soc., 1929, 6, 31, 641) it has been reported that 
when the sols of ferric, chromic, aluminium and other hydroxides 
become highly pure they behave like lyophilic colloids regarding their 
viscosity. From the. results recorded in Tables III and VIII, it 
appears that with pure sols of vanadium pentoxide and silicic acid, the 
viscosity concentration relation is allied to that of a typical lyophillic 
colloid. The viscosity increases enormously in the concentrated con- 
dition and the viscosity-concentration curves are very steep. 

The experimental results in Tables V and VI show that when 
vanadium pentoxide sol is freshly prepared, it requires greater amounts 
of potassium chloride for coagulation in the diluted condition than in 
the concentrated one. On the other hand, the aged sol requires 
smaller quantities of electrolytes for coagulation when diluted than the 
concentrated sol. The sols of vanadium pentoxide, silicic acid, 
molybdic acid, etc. always contain the respective acids in the dissolved 
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condition and the amount! of acid present in the dissolved condition 
decreases with time due to their agglomeration to form sol parti- 
cles. The negative ions given out by the acids are adsorbed by the 
sols and thus their electric charge is mainly due to this ionic adsorp- 
tion. The antagonistic action of this stabilising ion is more pro- 
nounced in the coagulation of the diluted sol by an univalent ion than 
in the case of the concentrated sol, partly because of the greater ioni- 
sation of the dissolved acid when the sol is diluted. Hence larger 
quantities of potassium chloride are necessary for coagulating a freshly 
prepared and diluted sol than the concentrated one. When the sol 
becomes aged, the amount of dissolved acid existing along with the sol 
decreases and the influence of the stabilising ion becomes less marked 
and the sol requires smaller quantities of potassium chloride for coagu- 
lation when diluted than that required for coagulating the original sol. 
It appears that the behaviour of these sols is much more complicated 
than that of sols of ferric, chromic, and aluminium hydroxides. Fur- 
ther work with these sols, which are associated with the respective 
substances in the dissolved condition, is in progress. 


Summary. 


1. The viscosity of sols of vanadium pentoxide and silicic acid 
increases considerably with their purity. With the pure sols, the 
viscosity-concentration curves are very steep and resemble those of 
some lyophilic colloids. The viscosity of even a concentrated sol of 
molybdic acid is practically the same as that of water. 

2. The ratio of the coagulating concentrations of potassium and 
barium chlorides decreases with the purity of sols of vanadium pen- 
toxide and molybdic acid. Silicic acid sol can be coagulated by 
potassium and barium chlorides only when sensitised by ammonium 
hydroxide or any other alkali. In this case the ratio of the precipita- 
ting concentrations of potassium and barium chlorides increases with 
the purity of the sol. 

8. The sensitising influence of ammonium hydroxide on silicic 
acid sol is more pronounced on its coagulation by bivalent ions than 
by monovalent ones. Moreover the increased purity of silicic acid sol 
affects more markedly its coagulation by bivalent ions than monova- 
lent ions. These two properties appear to be related and are quite 
peculiar to silicic acid sol. 
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4. With silicic acid sol the ratio of the coagulating concentrations 
of potassium and barium chlorides is smaller at 60° than at 30°, 
whilst with vanadium pentoxide and molybdic acid the same ratio is 
greater at 60° than at 30°, specially when the sols are freshly prepared. 

6. The properties of these sols are certainly more complicated 
than those of the other hydroxide sols, because these sols always 
contain the respective acids in the dissolved condition and these mole- 
cules have a tendency to agglomerate into sol particles. 


CuemioaL LasoraTory, 
ALLABABAD UNIVERSITY, 


ALLAHABAD. Received August 1. 1932. 




















Preparation and Properties of Highly Concentrated 
Sols. Part III. Sols of Zirconium Hydroxide. 


By R. D. Sarma ann N, R. Duar. 


In recent communications, we have investigated the preparation 
and properties of highly concentrated sols of some metallic hy- 
droxides. Inthis paper, we are submitting the results obtained 
with zirconium hydroxide sol. At first we tried to prepare a concen- 
trated sol of zirconium hydroxide by peptising a freshly prepared 
precipitate of zirconium hydroxide by a solution of zirconium 
nitrate. A concentrated solution of zirconium nitrate was prepared 
and drop by drop, ammonium hydroxide was added to it till the 
precipitate first formed redissolved on shaking. The sol thus formed 
was concentrated by boiling. In this way a sol containing 166°0 g. 
of ZrO, per litre could be prepared. This sol looked like 
glycerol and was highly viscous but contained a considerable amount 
of nitrate ion. As the sol prepared by the peptisation method is 
impure, we prepared our sole by the hydrolysis of zirconium nitrate 
solution and subjected it to dialysis. After dialysis lasting for one 
week atthe ordinary temperature, the sol thus obtained was con- 
centrated by boiling. By this method, a sol containing 402 g. ZrO, 
per litre was obtained. The purity of the sol, i. ¢., ZrO,/NO, 
was 2°56. In order to obtain a purer sol, this concentrated 
sol was diluted and subjected to hot dialysis and a sol contain- 
ing 100°2 g. ZrOg per litre with a purity of 6°6 was obtained 
(sol A). The sol was clear in transmitted light but opalescent 
in reflected light and was slightly yellowish. On attempting to 
concentrate the sol further it becomes a jelly. It is evident, 
therefore, that if a sol of greater purity is to be prepared, its con- 
centration cannot be as_ high as that of the sol A. Hence aportion 
of the sol A was diluted and subjected to dialysis. In this way, 
a sol containing 65°2 g. ZrO, per litre witha purity of 16°2 
was obtained (sol B). This sol was colourless and was perfectly 
clear in both transmitted and reflected light. It was highly viscous 
and looked like glycerol. Any further attempt to get this sol ip 
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a purer state by cold or hot dialysis leads to its gelation or the 
formation of a glassy mass. 


The concentration of the sol was determined by evaporating 
in a platinum crucible a known volume of the sol to dryness and 
igniting it and weighing it as ZrO,g. The amount of nitrate was 
estimated by treating it with Devarda’s alloy and distilling off the 
ammonia and absorbing it by a standard solution of sulphuric 
acid. 


Coagulation of the Sols by Electrolytes. 


The sols being highly viscous and concentrated, the coagula- 
tion experiments have been carried on after diluting the sol 10 
times with conductivity water. The sols are positively charged but 
could not be readily coagulated by even a saturated solution of 
potassium chloride. Hence the coagulation experiments were 
carried on with potassium bromate and potassium sulphate and 
the results are as follows: 


TABLE I. 


Coagulation time =1 hour. 


Coagulating concentration of Ratio. 

KBr03(a). K380,(b). a/b 
Sol A 

0°1666 N 0°00516 N 32°2 

TaBLe II. 
Coagulation time=1 hour. 

Coagulating concentration of Ratio. 

KBr0;(a).  K,S0,(b). a/b 
Sol B 

0°06613 N 0°001666 N 39°6 


The sols were stabilised by adding a solution of zirconium nitrate 
containing 1°0436 g. of the salt in 100 c. c. of the solution. 2 C. c. 
of this solution were added to 10 c.c. of the original sol. 10 C. c. 
of this mixture were diluted to 100 c. c. and this was used for the 
coagulation experiments and the results are recorded below. 
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Taste III. 
Coagulation time=1 hour. 


Coagulating concentration of Ratio. 

KBr0O;(a). Kg SO,(b). a/b 
Sol A 0°1895 N 0°005249N 36°1 
Sol B 0°08287N 0°00175N 47°38 


‘Hence it appears that asthe sol becomes impure and conse- 
quently more stable by the adsorption of Zr.***ions, the ratio of the 
coagulating concentrations of mono- and bivalent electrolytes increases 
and this is in agreement with the results obtained with other hy- 
droxide sols and follow the theoretical deduction of Chakravarti, 
Ghosh and Dhar (J. Phys. Chem., 1930, 34, 330). 

The influence of concentration of the sol on its coagulation has 
also been studied and the results are as follows: 


Taste IV. 
Coagulating time=1 hour. 
Coagulating concentration of Ratio. — 
KBrO;(a)  Kz8O,-(0). a/b 
Sol A 0°1728N 0°005416N 81°6 
Sol B _ 0°06707N 0°001875N 36°5 


It will be observed that with this sol the relations that the 
greater the concentration of the sol the greater is the amount of 
electrolyte necessary for coagulation irrespective of the vomed of 
the coagulating ion, is applicable. : 

One interesting fact is that the coagulum in the case of the.sol A 
which is less pure and less viscous than sol B appears white, 
whilst the coagulum obtained from the sol B_ which is purer and 
more viscous appears almost transparent and less white than that 
obtained in the case of sol A. Similar results are obtained with 
stannic hydroxide sols of different degrees of purity. It appears 
that the coagulated mass obtained from a highly hydrated and 
viscous sol is also associated with large quantities of water and 
appear transparent. 
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Viscosity of the Sols. 


The viscosities of both the sols A and B at different concentra- 
tions were determined at 22° by Ostwald’s viscosimeter and the 
results are recorded below: 


Viscosity of water at 22° =0°009606. 


Cone. of sol. 
8 (original) 
a/2 
a/4 
a/8 
0/16 


TABLE V. 





Sol A. 

Density. Viscosity. 
1104 0°23801 
1°050 0°03326 
1-024 0°01806 
1°013 0°01192 
1°0052 0°01072 


Sol taken=5 c.c. 





Sol B. 

Density. Viscosity. 
1°0568 1°71575 
1°026 0°20691 
1°012 0°04148 
1°0058 0°01973 

1°0023 0°01344 


The viscosity of these sols after the addition of 2 c.c. of zirconium 
nitrate solution containing 1°0436 g. of the salt in 100 c.c., to 10 
c.c. of the original sols has also been determined and the results are 
compared with those obtained after adding 2 c.c. of water to 10 c.c. 


of the sols, 


Cone. of 
sol. 


a/2 

a/4 
pts 
“2/16 


a/2 
a/4 
3/8 
2/16 


Viscosity of 
pure sol, 


0°23301 
0°03326 
0°01806 
0°01192 
0°01071 


1°71575 
0°20691 
0°04148 
0°01973 
0°01844 


TaBLE VI. 


Sol 4. 


Viscosity of 


sol mixed with 


Sol B. 


Zr(NOs)4- 
0°07566 
0°02399 
0°01788 


0°99507 
0°13784 
0°02848 


Viscosity of 
sol mixed 


with water. 


0°08260 
0°02590 
0°01753 


1°68259 
0°18099 
0°03869 
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Just as in the case of concentrated sols of ferric, chromic, and 
aluminium hydroxides, the viscosity of the highly concentrated zirco- 
nium hydroxide sol appreciably diminishes to a limiting value on 
repeating the viscosity measurements. 

The surface tension of the sol was determined by the capillary rise 
method. We also attempted to measure the surface tension of the 
highly viscous sols by Du Nouy’s method but no concordant results 
were obtained. The results obtained by the capillary rise method 
are recorded in Table VII. The specific conductivity of the sols was 
also determined and the results recorded in Table VIII. 


Taste VII. Taste VIII. 
Temperature = 22°. Sol. Sp. condt. x 10-*. 
Sol. Surface tension. Sol A 1°196 
Sol A 70°2 Sol A aged for 10 days 1°286 
Sol A+ Zr(NO 3), solution 70°61 Sol A/10 0°274 
Sol A/10 71 32 Sol A/10 aged for 10 days 0°285 
Sol B 71°66 Sol B 0°425 
Sol B+ Zr(NO3), solution 71°14 fol B aged for 10 days 0°452 
Sol B/10 71°87 Sol B/10 0°0898 
Water 72°22 Sol B/10 aged for 10 days 0°0949 





It appears from the foregoing results on the measurements of the 
specific conductivity (Table VIII) that with time the specific conduc- 
tivity increases probably because of the giving out of the adsorbed 
electrolyte by the colloid particles on ageing. 

It has already been reported in a previous communication that 
when a highly concentrated sol of chromium hydroxide is allowed to 
dry up in the dark, a transparent residue is left which when mixed 
up with water passes back to a sol condition. Similar reversible 
behaviour is observed with zirconium hydroxide sol. When these 
concentrated sols of zirconium hydroxide are allowed to dry up in a 
desiccator over sulphuric acid in the dark, a transparent residue is 
left which swells up on the addition of water and passes into the gol 
state. When however, the sols are dried in the sun or on a water- 
bath, a part of the reversibility is lost. It, appears, therefore, that 
when the drying of the sol is rapid, the colloid particles get dehydrat. 





— 


| 
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éd and the reversibility disappears but when the sol is allowed to dry 
slowly in the dark, the dried mass is completely reversible and in 
this respect, zirconium hydroxide behaves like a lyophilic colloid. 

The highly concentrated sols of zirconium hydroxide prepared by 
us are highly ‘viscous. Sol B, which contains,practically half the 
amount of zirconium hydroxide as present in sol A, is about 8 times 
more viscous than sol A. This is due to the fact that sol B is more 
pure (purity 16°2) than sol A (purity 6°6). Moreover, the viscosity 
of these sols is appreciably decreased on the addition of the peptising 
electrolyte, zirconiuni nitrate, which increases the ‘charge on the 
colloid particles. Hence, these results conclusively prove that 
greater the purity of the sol and less the charge on the colloid par- 
ticles, the greater is its viscosity. 

From Table VI, it will be clear that the viscosity-concentration 
curve of a highly concentrated sol of zirconium hydroxide is steep 
and that this is more steep with the purer sol B than with A. 
Consequently, from the point of view of viscosity, the concentrated 
sols of zirconium hydroxide, like other hydroxide sols investigated in 
this laboratory behave as a typical lyophilic colloid. Moreover, the 
surface tension of zirconium hydroxide sol is appreciably less than 
that of water. 


Summary. 


1. By hydrolysing concentrated solutions of zirconium nitrate 
and by hot dialysis of the solution, highly concentrated sols of zirco- 
nium hydroxide containing 100°2 g. ZrO, i.e., 08172 g. mole 
ZrO, per litre with a purity 6°6 and 55°2 g. ZrO, i.e., 0°4602 g. 
mole ZrO, per litre with a purity of 16°2 have been obtained. 

2. These concentrated sols are highly viscous and the greater the 
purity of the sol, the greater is its viscosity. The viscosity of these 
‘sols. decreases when their electric charge is increased by the addition 
of zirconium nitrate solution. The viscosity-concentration curves of 
concentrated zirconium hydroxide sols are steep. The purer the sol 


the more steep the viscosity-concentration curve. 


8. The ratio of the coagulating concentrations of potassium  bro- 


‘mate and-sulphaté inereases when Zirconium nitrate is added to 


stabilise the sols. 
4, The surface tension of concentrated sols of zirconium “hyd. 


-xide is appreciably less than that of water. 
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6. The specific conductivity of the sols increases on ageing. 

6. When these highly cencentrated sols are allowed to dry slowly 
in the dark, the dry residue swells on adding water and passes 
nto the sol again. 


CHEMICAL LABORATORY, 
ALLAHABAD UNIVERSITY, Received August 1, 1982. 
ALLAHABAD. 
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Relation between Charge and Stability of Colloidal 
Solutions of Gold and Ferric Hydroxide 
Dialysed to Different Extents. 


By B. N. Desai, G. M. NaBar AND P, M. Barve, 


It is believed by most colloid chemists that the stability of a 
colloid, as determined by the coagulating concentration of an 
electrolyte, depends on the-charge on its particles and that 
the greater the charge the greater will be the stability. The 
results of coagulation of colloids by electrolytes as well as the 
effect of dialysis on the stability of colloids have been explained on 
the basis of this view. Mukherjee, Choudhury and Rai Choudhury 
(J. Indian Chem. Soc., 1927, 4, 493) working on colloidal arsenious 
sulphide found that the stability is not directly related to the charge 
as is generally believed to be; in some of the results they found a 
greater stability in spite of smaller charge on the colloid. Their 
conclusion is however based on the results obtained with mixtures 
of electrolytes as well as with single electrolytes containing organic 
anions. It was therefore considered necessary to investigate if the 
same behaviour is also shown by other sols under much more simple 
conditions. 

It is well known, that although in most cases, the stability of the 
sol decreases with the progress of dialysis, colloidal gold prepared 
by the formaldehyde method becomes more stable towards electro- 
lytes with progress of dialysis up to a certain stage, after which 
stability towards electrolytes decreases (Freundlich, ‘‘ Colloid and 
Capillary Chemistry,’’ 1926, English Translation, p. 506). It has also 
been shown by Galecki (Z. anorg. Chem., 1912, 7%, 196 et seq) 
that the cataphoretic speed of gold sol increases with the progress 
of dialysis along with an increase in the flocculation value. In 
what follows results of simultaneous measurements of charge and 
flocculation value with potassium chloride of colloidal solutions of 
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gold and ferric hydroxide dialysed to different extents have been 
given. 


EXPERIMENTAL. 


Preparation of colloidal solutions.—Gold sol was prepared by 
Zsigmondy’s nucleus method in batches of 100 c.c. Ferric hydroxide 
sol was. prepared in instalments of 500c.c. by adding 80 c.c. of a 
45% solution of ferric chloride drop by drop to 500 c.c. of boiling 
distilled water ; the mixture was stirred all the time andthe resulting 
brown red sol was boiled for $ hour. 

The sols were transferred to parchment paper om for dialysis. 
The bags .were previously treated with distilled water to remove 
soluble matter. The outer water was changed twice a day. 
Suitable amounts of colloids were withdrawn évery time for experi- 
ments by means of a pipette. ; 

Method of measuring the charge. —The charge . was msanited 
according to Mukherjee’s improved U-tube method (Proc. Roy. Soc., 
1928, A, 108, 102 ; also Mukherjee, Choudhury and Rai Choudhury, 
loc. cit.). ‘The electrodes were put in the side bulbs and not in- the 
limbs of the U-tube in order to avoid the disturbing effect of electro- 
tysis on the sharpness of the boundary. 

Mukherjee, Raichoudhury and Bhattacharyya (J. Indian Chem. 
Soc., 1928, 5, 735) have shown that unless the upper liquid has got 
the same ionic composition as the intermicellary liquid the results 
of charge measurements are sure to be erroneous. Mukherjee, Rai- 
choudhury and Biswas (J. Indian Chem. Soc., 1931, 8, 873) have 
also shown that the use of ultrafiltrate as the upper liquid does not 
give reliable results. The upper liquid in our measurements of gold 
sol consisted of solution of potassium chloride having the same con- 
ductivity-as the colloid ; it gave ‘quite satisfactory results. In the 
case of ferric hydroxide. the upper liquid was prepared in the same 
manner as given by S. N. Mukherjee (Kolloid Z., 1980, §2, 63). 

‘We also performed some experiments in case of. ferric hydroxide 
sol:to see if the dialysate could be used as an upper liquid (cf. 
** Colloid and Capillary Chemistry’, Eng. Trans., p. 872). It was 
found that in the initial stages in the case of sols dialysed for short 
periods and containing still appreciable amounts of HCl and FeCl,, 
the dialysate obtained by keeping distilled water in contact with the 
colloid in the parchment bag for about 36 hours could be used as a 
setisfactory upper liquid. The results obtained hy. using the dialysate. 
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as the upper liquid for the sol dialysed for 2 days are given below, 
the cataphoretic speed corrected for viscosity is expressed in centi- 
metres per second per volt per centimetre x 10°. 


TaBLE I. 


Resistance of the dialysate = 66 Ohms. 


- » », Colloid =65 ,, 
Potential gradient. Direct Potential gradient. Reverse. 
speed. speed 
before after before after 
catapho. catapho- catapho- catapho- 
resis. resis. resis. resis. 
Dislysste as | (1) 0810 0°807 85°64 0°805 0°808 86°45 
upper liquid} (2)  0°802 0°813 35°64 0°809 0808 «=. 85°64 


The constancy of the potential gradient as also the agreement between 
the upward and downward speeds with the dialysate as upper liquid 
is well marked and therefore evidently satisfies the requirements for 
uniform ionic composition. For sols dialysed for long periods, the 
use of the dialysate as the upper liquid did not give quite consistent 
values for the direct and reverse movements of the boundary, 
probably due to the effect of the Donnan equilibrium coming into 
operation. It was however found that in all cases, even for sols 
dialysed for long periods, the dialysate forms a very convenient 
liquid to start with for preparing the necessary upper liquid by adding 
suitable amounts of electrolytes for getting the same ionic composi- 
tion as the intermicellary liquid. Further experiments to investigate 
fully the possibilities of the use of the dialysate as the upper liquid 
are in progress. 

The flocculation values were determined by finding out the 
amount of KC] necessary for giving a definite blue colour after 5 
minutes in case of gold sol and for the instantaneous precipitation 
of the colloid in case of colloidal ferric hydroxide, the volume of the 
mixture colloid + electrolyte being kept constant throughout. 

The results of charge measurements and of flocculation values of 
gold and ferric hydroxide sols are plotted in Figures 1 and 2 respec- 
tively. The difference between the direct and reverse readings was 
less than 5% in each case. The concentration of the colloid did not 
change to any appreciable extent during dialysis. 
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Discusston. 


From Fig. 1 it is seen that in the case of gold sol both charge 
(assuming that the rate of migration represents the density of the 
charge) and flocculation value behave similarly on subjecting the 
colloid to dialysis; they first increase with the progress of dialysis, 
reach & maximum and then beign to decrease simultaneously. In 
the case of ferric hydroxide sol (Fig. 2) although with the progress 
of dialysis the charge first increases and then decreases, the floccu- 
lation value continuously decreases. 


The initial increase in charge with the progress of dialysis might 
be due to the following effect. 

We have observed that the cataphoretic speed of colloidal gold 
and of ferric hydroxide first increases and then decreases on addition 
of small increasing amounts of KOH and of HCl and FeCl, respec- 
tively (unpublished results). This is due to ‘‘ preferential ’’ adsorption 
of the similarly charged ions in the beginning, the word ‘‘ preferen- 
tial ’’ indicating that the ions are adsorbed in the inner sheet of 
the double layer. The amounts of stabilising ions (OH ion in case 
of gold sol and H and Fe ions in case of ferric hydoxide sol) in the 
sol continuously decreases with the progress of dialysis. The process 
of dialysis can be taken as the reverse of the above process, the 
amounts of the stabilising agent initially present in the sol being 
appreciably more than what will correspond to the maximum 
in the cataphoretic speed-concentration curve of the colloid with the 
particular electrolyte and therefore with the progress of dialysis the 
charge on the colloid will first increase and then decrease (cf. 
Freundlich, loc. cit.). On extreme dialysis the colloid will coagulate 
due to the removal of the stabilising ions from the double layer. It 
is therefore likely that various colloidal solutions when subjected to 
dialysis might show a first increase and then a decrease or a continu- 
ous decrease in the cataphoretic speed according to whether the 
amount of stabilising agent is more or equal to or less than what will 
correspond to the maximum in the cataphoretic speed-concentration 
curve of the sols with particular electrolytes. 

The continuous decrease in the flocculation value in the case of 
ferric hydroxide sol, instead of an increase first and decrease there- 
after as in the case of the cataphoretic speed, can be due to either or 
both the following effects : 
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(1) Rona and Michaelis (Biochem, Z., 1919, 97, 85) have found 
that the amount of H ion adsorbed by charcoal was greater in the 
presence of potassium chloride than without it and that it reached a 
maximum with increasing amounts of potassium chloride (cf. Parks 
and Bartlett, J. Amer. Chem. Soc., 1927. 49, 1698). Mukherjee, 
Choudhury and Rai Choudhury (loc. cit.) have found that the charge 
on colloidal arsenious sulphide in the presence of small amounts of 
an electrolyte increased on the addition of another electrolyte having. 
@ common.coagulating ion but a different similarly charged ion. On 
the addition of KCl the colloid can be said to be under the influence 
of.a mixture of electrolytes (KC1+HCl+FeCl,) and therefore if we 
presume that on its addition more H and Fe ions are adsorbed in the 
inner sheet of the double layer, the charge on the colloid will also 
increase and a larger amount of potassium chloride will be required 
to coagulate the sol. With the progress of dialysis, the concentra- 
tion of intermicellary HCl and FeCl; decreases and the charge on 
the particles increases. If KCl is now added the increase in the 
adsorption of H and Fe ions may not be so much as to raise the final 
charge on the particles to the value which would obtain in the case of 
a sol dialysed for a shorter period. (Measurements of cataphoretic 
speed of colloidal solution of ferric hydroxide, dialysed to different 
extents, in the presence of varying amounts of HCI and KC! as well 
as HCl1+KCl indicate that the adsorption of H ions does increase 
under certain circumstances in the presence of KCl—unpublished 
results.) If this be the case a smaller amount of the electrolyte will 
be required to coagulate the dialysed sol inspite of the higher initial 
charge on its particles. This mechanism will go on till the maxi- 
mum in the cataphoretic speed-dialysis curve is reached. After the 
maximum (the portion of the curve to the right of line AB: in Fig. 2) 
as the charge on the colloid continuously decreases with further 
progress of dialysis progressively smaller amounts of KC! will be 
required to coagulate the sol. 

In the case of the gold sol the stability and charge showed a 
similar behaviour even during the period when the charge increased 
because the amount of electrolytes initially present in the inter- 
micellary liquid (KOH and KCl) being very small, addition of KCl 
to the colloid may not have increased the adsorption of either or both 
OH and Cl ions in the inner sheet of the double layer as in the case 
of ferric hydroxide which: contains appreciable amounts of HCl and 
FeCl, in the beginning. In fact we have observed that charge on 
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colloidal gold does not increase in the presenee of small amounts 
of KCl as it does in the case of ferric hydroxide (unpublished 
results). 

(2) As the charge on ferric hydroxide first increases on the 
addition of KCl, a greater amount of electrolyte will be required to 
coagulate the sol even when the charge on the colloid is initially 
small. We have observed that this effect becomes less marked as 
the purity of the colloid increases (unpublished results). 


Conclusions. 


From the foregoing considerations it would appear that there is 
nothing to warrant the view that charge and stability are not related 
with each other. The abnormal behaviour shown in any case can 
be traced to the part played by the similarly charged ions. It must, 
however, be pointed out at the same time that it is not safe to draw 
conclusions about the charge on colloidal particles from the results of 
stability as determined by flocculation values although in some cases 
flocculation values may serve a useful criterion for the same. 


PaysicaL Coemistry LABORATORY, 
Witson CoiitEecs, Bomsar. Received August 12, 1932. 




















A Study of the Interaction between Thionyl Chloride 
and Substances Containing the Reactive Methylene 
(-CH,-) Group. Part IY. 


By K. G. Narx awp V. B. Tsosar. 


A close study of the reactions of thionyl chloride with organic 
compounds clearly shows that the course of reaction followed by 
thionyl! chloride is entirely guided by the conditions of experiment in 
many cases. The reaction of thionyl chloride with phenols, phene- 
toles and alcohols might be cited as examples of this type. Generally 
in presence of anhydrous aluminium chloride, these compounds give 
rise to sulphides. But by slightly changing the conditions of the 
experiment, the same reaction can be made to follow a different 
course, 88 a result of which sulphoxides are obtsined (Loth and 
Michaelis, Ber., 1894, 27, 2540; Smiles and Rossignol, J. Chem. Soc., 
1908, 938, 745). Hence it was thought interesting to examine the 
course of the reaction followed by thionyl chloride when it reacts with 
substances containing a reactive methylene (-CH,-) group in cold 
ethereal solution, although a similar reaction in boiling benzene solu- 
tion had already resulted in the formation of sulphoxides (Naik, Desai 
and Parekb, J. Indian Chem. Soc., 1930, 7, 137 ; Naik and Thosar, 
ibid., 1932, 9, 127); and as will be seen from the experiments re- 
corded in this paper this expectation is completely fulfilled. 

Thionyl chloride was made to react with the following amides in 
presence of cold anhydrous ether. 

(1) Acetoacetanilide, (2) acetoacet-o-toluidide, (3) acetoacet-m- 
toluidide, (4) acetoacet-p-toluidide, (5) acetoacet-8-naphthylamide, 
(6) acetoacet-1:3 :4-xylidide, (7) malondi-n-propylamide, (8) malondi- 
isobutylamide, (9) malondiamylsmide, (10) malondiheptylamide, 
(11) ethylmalon-o-tolylamate, (12) ethylmalon-p-tolylamate, (13) 
ethylmslon-8-naphthylamate, (14) ethylmalon-1 :3:4:-xylilamate, 
(15) ethylmalon-1 :4:5-xylilamate. 

The amides slowly went into solution, from which sulphides begen 
to separste out, the reaction being complete after several days, the 








472 K. G. NAIK AND V. B. THOSAR 


time required depending upon the nature of the amide used. Amides 
(1) to (10) gave sulphides of the general constitution, 


RCO CO'R’ 
cH—S—HC ~ 
RNE‘CO- O:NHR 


(where R=phenyl, tolyl, naphthy), xylil or propy] groups and R’ is 
either a CH; or -NHR group); but in the case of amides (9) and (10) 
the reaction products were liquids which did not solidify even when 
placed in a freezing mixture, -They will be worked up later. On the 
other hand the amates (11) to (15) gave sulphides of the formula 


4 "ei 
: 0'0C,H, 

The above constitution of these sulphides follows from the follow- 
ing considerations : 

(i) That the two hydrogen atoms are not supplied by the phenyl 
group, since (a) acetoacetic ester, which does not contain such a phenyl 
group reacts with thionyl! chloride in a similar manner (Michselis and 
Philips, Ber., 1890, 28, 559); (6) malondi-n-propylamide containing 
no pheny! nucleus also reacts with thionyl chloride to give a similar 
compound. 

’ (ii) That the hydrogen atoms eliminated are not those, which are 
originally attached to the nitrogen atom of -NHR group, for (a) ethyl 
acetoacetate which does not contain such a hydrogen atom reacts 
similarly with thiony!] chloride; (b) in ease of malondi-n-propylamide 
which contains two such amido hydrogen atoms only one is replaced. 
On the supposition that the hydrogen stom of the -NHR group is 
reactive both these hydrogen atoms must react. 

Finally in order to establish that these compounds are not sul- 
phoxides of the formula 


RCO 
)cH-8—H 
RNH‘CO ’ 


COR’ 
O'NHR 


advantage was taken of the fact’ that Michselis and Philips had 
actually obtained a sulphide of acetoacetic ester by the action of 
thionyl chloride upon it (loc. cit.). As the conditions used by these 
authors were slightly different from those used here, thiony] chloride 
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was made to react with acetoacetic ester under exactly the same con- 
ditions as were used here and it was found that the product obtained 
was identical with that obtained by the above authors. This 
sulphide of acetoacetic ester has been prepared by a host of workers 
from various sources so as to leave no doubt as to its constitution 
(Buchka, Ber., 1885, 18, 2092; Delisle, ibid., 1889, 22, 306; 
Schdnbrodt, Annalen, 1889, 258, 198 ; Sprague, J. Chem. Soc., 1891, 
89, 329). 

The reaction of thionyl chloride with amates (11) to (15) is also in 
favour of the sulphide constitution for the f>llowing reasons : 

(i) These amates, when they were made to react with thionyl 
chlor de in boiling benzene, where there is a greater possibility of the 
formation of sulphoxides, gave rise to liquid products (Naik, Desai 
and Parekh, loc. cit.). 

(ii) The reaction products obtained here are white crystalline 
substances, whereas the sulphoxides of the linking :C:8:O obtained 
till now are always coloured substances. 

Michaelis and Philips (loc. cit.) hold that in such reactions, thionyl 
chloride behaves as if it were a mixture of sulphur dichloride and 
sulphuryl chloride, 2 SOCI,—>SCl,z, SO,Clg, sulphur dichloride 
reacting with acetoacetic ester with the formation of the above 
sulphide. This view is further confirmed by the reaction of thionyl 
chloride with aromatic tertiary amines yielding two different products 


as represented by the equations: 
C,H,N(CHs3), 
8 PhN(CHs)g+2SOClz =S[CgH,N(CH3)9]9+ 80. | 
| +8HCIl. 


the second product being obtained by the action of sulphury! chloride 
(SO,Cl,) on the amine (Michaelis and Godchaux, Ber., 1890, 28, 
653). The reaction of thionyl chloride with phenol also gives a sul- 
phide together with other substances containing both sulphur and 
chlorine (Tassinari, Gazzetta, 1890, 20, 362). 

The same explanation can very well be given in the reaction 
studied here. 


[ RCO. 1 [ RC ] 
2 H, |+ 2SOCI,—>2 Hy |+S8Clo, 
RNH:COY” ? RNH‘CO’ ” 2 


RVC O-R’ 
S0,Clh —> syon—s—He€ + 80,Cl,+2 HCl 
RNH‘CO O-NHR 
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The course of the reaction followed by SO,Cl, cannot be definitely 
ascertained here, as the mother liquor on evaporation gives only a 
semi-solid mass, which it is proposed to work up later. In all probabi- 
lity the course followed by the reaction is different from that followed 
under ordinary conditions where chloro compuunds are obtained (Naik 
and Shah, J. Indian Chem. Soc., 1927, 4,11). It is just possible 
that the catalytic action of thionyl chloride might again play its 
important part here and give rise to compounds of the type obtained 


in the case of tertiary amines and phenols. 
The reaction in the case of amates (11) to (15) can be represented 


as 
CsHs0°00. C,H;0°C 
PCHs +2 S0Cl,——> C:8+2 HCl+80,Cly. 
RNH°CO RNH‘CO 


Such a course of reaction is not an abnormal one. Many 
instances can be cited where under similar conditions both the 
hydrogen atoms of the methylene group of the amates react, whereas 
usually only one hydrogen atom of the methylene grouy in the case 
of the aliphatic amides of malonic acid is found to react (Naik J. 
Chem. Soc., 1921, 119, 379; West, ibid., 1922, 121, 2196; Naik 
and Shah, J, Indian Chem. Soc., 1930, 7, 111; Naik and Shah, 
ibid., 1927, 4. 11; Norris and Thorpe, J. Chem. Soc., 1921, 149, 
1203). The course of reaction where only one hydrogen atom takes 
part, is explained by supposing that the second hydrogen atom 
becomes sluggish after the first is replaced by a substituent. 


From the consideration of the time taken to complete the 
reaction (vide experimental) in a series such as, 


COCH, C0-0C,H, CO-NHR 
Hy Hc H.C 
CO‘NHR CO-NHR CO-NHR 
(I) (1) (IIT) 


the time required for the completion of the reaction in the case 
of the type (III) is longer than that required in the case of type (II), 
which in its own turn was found to be less reactive than type (I). 
This is quite in accord with the hypothesis put forward by Naik (J. 
Chem, Soc., 1921, 119, 1166), and supported by the experimental 
work carried on in these laboratories since then. That the com. 


~ 
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pounds of type (II) are less reactive than those of type (I) follows 
from the fact that the total negativity of the adjoining carbonyl 
groups in type (II) is made smaller than that in type (I), by 
the replacement of a carbethoxy group in place of acetyl group, 
the other (-CONHR) group being common to all the three types. 
This total negativity is still further reduced in compounds of the 
type (III) where both the carbonyl groups are partially neutralised 
by the-NHR group and hence in this case the reactivity of the 
hydrogen atoms of the methylene group is the least and the time 
required for the completion of the reaction longest. 

On examining the properties of these compounds it was found 
that the thio grouping (-S-) in these compounds is not so stable as 
the dithio grouping in the compounds obtained by Naik by the action 
of sulphur monochloride on substances containing the reactive 
methylene group (J. Chem. Soc., 1921, 119, 1166, 1231). Thus, 
while the dithio grouping is quite unaffected by fuming nitric acid and 
silver nitrate, the thio grouping in these compounds is destroyed, 
giving rise to free sulphuric acid in the first case, and silver sulphide 
in the other. The sulphides derived from amates are still more 
unstable and are gradually decomposed on keeping for a long time. 


EXPERIMENTAL. 


Thiobisacetoacetanilide.—Thiony] chloride (2°5 g.) was added to 
pure dry acetoacetanilide (3°5 g.) suspended im dry ether (30 c. o.) 
in @ conical flask tightly corked with a calcium chloride tube 
to avoid moisture and left at room temperature (28-30°). 
The amide slowly went in solution (3 hours) and the ethereal 
solution attained a rich red colour. On the next day white 
hexagonal plates began to separate out. After 3 days, when the 
reaction was complete the separated solid was filtered at the 
pump and washed with dry ether to free it from the excess of 
thionyl chloride. After crystallising it froma mixture of benzene 
and light petroleum (b. p. 60-60°) the substance was obtained in the 
form of white, hard, prismatic needles, m. p. 182°. But this 
substance was found to contain traces of hydrochloric acid from 
which, it could not be freed even on repeated crystallisations or 
keeping it in an alkali desiccator for along time. The melting point 
also remained unchanged. Hence the substance was dissolved in 
benzene and boiled with a small amount of animal charcoal (0°2 g,) 
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under reflux for nearly 6 hours. The clear filtrate from animal 
charcoal was allowed to cool after adding an equal amount of dry 
light petroleum. The resulting product was now free from hydro- 
ehloric acid and vas obtained in the form of white silky needles, 
m. p. 147°. It is interesting to note here that the impure com- 
pound had the same melting point (132°) in whatever conditions it 
was taken out of the reaction mixture. The analysis of the impure 
substance also amounted to nearly 1 mol. of hydrochloric acid in 
combination with 1 mol. of the sulphide, 

The substance is readily soluble in benzene, sparingly so in 
chloroform, carbon tetrachloride, carbon disulphide and insoluble in 
petroleum ether and ether. (Found : N, 7°35; 8, 7°90. Cg,H2.0,N,8 
requires N, 7°29; 8, 8°33 per cent.). 

All other sulphides were similaily prepared by treating the 
respective amides with thionyl chloride under the above 
conditions. A slight excess of thionyl chloride than required by 
equation was always necessary to compensate for the loss caused 
by gradual decomposition. All the sulphides except those obtained 
from amates had to be purified by boiling with animal charcoal for 
6 hours. The results of these experiments are tabulated in Table I. 

Hydrolysis of thiobisacetoacet-8-naphthylamide.—The compound 
(8 g.) was added to the solution of caustic potash (7 g.) in water 
(8c. c.) and refluxed for 2 hours. The mixture was cooled and 
filtered. It was washed with cold water till it was free from alkali. 
The solid was crystallised from hot water, when characteristic rosy 
leaflets separated out, m.p. 111°. The substance was identified 
as 8-naphthylamine and confirmed by mixed melting point. The 
filtrate was evaporated to dryness on a water-bath and the colid obtain- 
ed was treated with hydrochloric acid when H,S8 was found to evolve. 
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Azlactone from 6-Aldehydocoumarin and its 
Condensation with some Aromatic Amines. 


By Sanit Komar BANERJEE. 


The present investigation was undertaken with the object of 
synthesising phenanthracoumarin from 6-aldehydocoumarin, prepared 
by the application of the method adopted by Sen and Chakravarti 
(J. Amer, Chem, Soc., 1928, 50, 2428). 

The aldehydocoumarin (I) has been condensed with hippuric 
acid, and the azlactone (II), obtained on alkaline hydrolysis gave the 
coumarin-6-pyruvic acid (III). The acid when oxidised with hydro- 
gen peroxide in alkaline solution was expected to yield the coumarin- 
6-acetic acid. This beiny condensed with o-nitrobenzaldehyde by 
application of Pshorr’s method (Ber., 1896, 29, 496) would yield 
phenanthracoumarin. 


Oo NH COPh 
cCO/\/\ HOC 
‘(OOH 


-—— | - 
CHY/\/ CH eds par 
CH CH 


O CH cH=C¢ 0. 
co 
(I) (t}) 
Oo 
co 
hydrolysis 
—_—_> 
CH 


H CH,CO-COOH. 
(111) 


The hydrolysis of the azlactone was proceeded with difficulty. 
The product of hydrolysis was obtained as a tarry viscous mass and 
the yield was very small. The formation, however, of the expected 
keto-acid (III) as ome of the products of the hydrolysis of the azlac- 
tone (II) has been qualitatively established by its condensation with 
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ortho-phepylenediamine(Gullend apd Virden J. Chem. Soc., 1928, 
980). 

The present work mainly deals with the properties of the 
azlactone and its condensation product with p-toluidine, a-naphthyl- 
amine and aniline. The condensation was effected by the method of 
Narang and Ray (ibid., 1931, 976). 


EXPERIMENTAL. 


Preparation of the azlactone from 6 aldehydocoumarin.—A 
mixture of the aldehyde (10 g.). hippuric acid (10 g.). sodium acetate 
(6 g.) together with freshly distilled acetic anhydride (17 c.c.) was 
heated in a flask on a water-bath for 14 hours. The yeliow mass so 
obtained was washed several times with alcohol and repeatedly boiled 
with a large volume of water to remove the excess of h:ppuric acid 
and filtered. The residual mass was boiled twice with considerable 
amount of 80 p.c. alcohol to remove the unreacted-upon aldehyde 
and it was finally crystallised from glacial acetic acid in lusturous 
yellow needles, m.p. 245°, yield 6 p.c. (Found: C, 71°8; 
H, 3°49; N, 44. C,9H,,0,N requires C, 71°92; H, 3°47; N, 4°41 


per cent. ). 


Hydrolysis of the Azlactone and Isolation of Coumarin-6- 
pyruvic Acid in the form of Quinozalino Compound. 


O 
co 


cH 
CH CH,-C__Co 


| NH 


The hydrolysis of the azlactone was effected by heating it with 
10 p.c. caustic soda solution until the evolution of ammonia had 
ceased. The sclution was then saturated with sulphur dioxide and 
filtered. The filtrate was boiled with hydrochloric acid when the 
keto-acid separated as a tarry mass which resisted all attempts for 
crystallisation. It however condensed with o-phenylenediamine, 
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when alcoholic solution of the two were shaken together. The 
quinoxalino-compound separated from acetic acid in light grey 
rhombic plates, m.p. 288-90°. (Found: C, 70°78; H, 895; N, 9°08. 
C,gH;.03Ne requires C, 71°05; H, 3°61; N, 9°21 per cent.). 

Condensation of the azlactone with p-toluidine.—Azlactone (9 g.) 
was heated with p-toluidine (8 g.) and a trace of copper-bronze at 
150-60° for 2 hours. The cooled mass was extracted with hot 
acetic acid from which reddish brown silky crystalline plates of 
the compound having the formula C,H,;0,CH:C(NH°COPh)- 
CONH'C,H,'CH;, separated. It was recrystallised from glacial 
acetic acid, m.p. 258°. (Found: C, 73°65; H, 5°21; N, 6°66. CogHoo- 
O,Ng requires C, 78°58; H, 4°95; N, 6°6 per cent.), 

Condensation of the azlactone with a-naphthylamine.— The 
azlactone (9 g.) was similarly condensed with a-naphthylamine (4 g.) 
by heating the mixture at a temperature of 150° and the product 
was extracted with glacial acetic acid (charcoal) as yellowish needles 
of C,H,0,CH:C(NH'COPh) CO*NHC;,H,. (Found: C, 75°37; 
H. 4°7; N, 6°07. CogHo90,Nq requires C, 75°65; H, 4°35; 
N, 6°08 per cent.). 

Condensation of the azlactone with aniline.—The azlactone was 
similarly condensed with aniline by heating equimolecular pro- 
portions of the two in the presence of a little copper-bronze at 
130-40° for 14 to 2 hours, The tarry viscous mass was treated 
with hot glacial acetic acid in which the compound was soluble. The 
acetic acid solution was boiled several times with charcoal and the 
clear solution on concentration yielded yellowish white needle shaped 
crystals of the compound. C,H,0,CH:C(NH*COPh)CONHPh, 
m.p. 178-80°. (Found: C, 72°98; H, 4°87; N, 6°79. Co,;H,s0,No 
requires C, 73°17; H, 4°4; N, 6°83 per cent.). 

In conclusion I wish to express my sincere thanks to Sir P. C. 
Ray for his kind interest in this investigation. 


Pauit Proressor's LABORATORY, 
UNrversity COLLEGE OF SCIENCE, Received August 9, 1982. 
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Condensation of Chloral with 2-Hydroxy-p-toluic 
Acid and its Methyl Ether. 


By A. N. Mgiprum Anp B. M. Kapapra. 


A synthesis of phenylacetic acids has been effected by means of 
three successive reactions, viz., (1) condensation of a benzoic acid 
with chloral (Fritch, Annalen, 1897, 296, 356; 1898, 301, 360), (2) 
the reduction of the-CH(OH)CCl, group to -CH,CHCl, with zinc 
and acetic acid (Alimchandani and Meldrum, J. Chem. Soc., 1921, 
119, 201), and (3) the hydrolysis and oxidation of-CH,CHCl, to 
-CH,COOH with concentrated sulphuric acid (Alimchandani and 
Meldrum, J. Indian Chem. Soc., 1929, 6, 258). 


The last mentioned reaction is not general. It is affected by the 
presence and position of other groups in the ring. 


The present work was undertaken to study the condensation of 
2-hydroxy-p-toluic acid with chloral and to extend the application of 
the method of obtaining phenylacetic acids. 


2-Hydroxy-p-toluic acid when condensed with chloral in presence 
of sulphuric acid, yielded the 3-hydroxy-4-methyl-a-trichloromethy] 
phthalide (I). This was reduced with zinc and acetic acid when the 
phthalide ring opened and the 3-hydroxy-4-methyl-288-dichloroethy]- 
benzoic acid (II) resulted. The compound (II) on hydrolysis and 
oxidation with concentrated sulphuric acid yielded the 2-hydroxy- 
8-methy1-6-carboxyphenyl-1-acetic acid (III). 

The behaviour of the methyl ether of the acid was also 
examined. 

On condensation with chloral and subsequent reduction with zinc 
and acetic acid it gave the 5-methoxy-4-methyl-a-trichloromethy] 
phthalide (VII) and 5-methoxy-4-methyl-2-88- dichloroethylbenzoic 
acid (VIII). The reduction product on treatment with concentrated 
sulphuric acid yielded the 8-methyl-4-hydroxy-6-carboxyphenyl-1- 
acetic acid (IX). Here concentrated sulphuric acid hydrolyses not 
only the group -CH,CHCl, but also the methoxy group to the 
hydroxyl group. To confirm this (IX) was benzoylated. 
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These reactions have also been applied to the production of 
phenylbisacetic acid by further condensation of the phenylacetic 
acid (ITI) to (1V), subsequent reduction of (IV) and treatment of (V) 
with sulphuric acid. The 2-hydroxy-3-methy]-6-carboxyphenylene- 
1:5-bisacetic acid (VI) was finally obtained. The attempted con- 
densation of (IX) with chloral was not successful. The product of 
the reaction does not contain chlorine but it is the 8-hydroxy-4 :6- 
dimethylbenzoic acid (X). 

The action of sodium hydroxide on the condensation products 
(I, IV, VII) has also been studied. With the hydroxytrichloro- 
methyl phthalide alkali opens the ring and hydrolyses -CCl, to COOH 
group. Thus compound (I) yielded 2-hydroxy-6-carboxy-3-methylman- 
delic acid (Ia) and (IV) yielded 2-carboxy-3-carboxymethy|-4-hydroxy- 
5-methylmandelic acid (IVa). 

But with the methoxytrichloromethy! phthalide (VII) the -CCl, 
group only is hydrolysed, the phthalide ring remaining intact so that 
5-methoxy-4-methy]-a-carboxyphthalide (VIIa) was obtained. 

The reason for the orientation assumed for the compounds men- 
tioned must now be given. 

The m-linking of -CHOH’CCl, group to the hydroxy or methoxy 
group has been ruled out of consideration for the following reasons. 
The compound (IX) was oxidised with potassium permanganate 
to 4-hydroxy-5-methylphthalic acid ([Xa), m.p. 245°. This acid is 
not identical with known acid, 5-hydroxy-6-methylisophthalic acid 
(1:8), m.p. 270° (Jacobsen, Ber., 1881, 14, 2115) where COOH is in 
the m-position to hydroxy! group. 

Hence the chloral molecule must have attached to the -o-or-p- 
position to the hydroxy or methoxy group. 

The two phenylacetic acids (III and IX) are not identical. (III) 
melts at 213° whilst (IX) melts at 209°. The mixed m.p. is 200°. 
Hence again the chloral molecule attaches itself to different positions 
(o or p) depending whether the group present is hydroxyl or methoxy]. 
The substance (IX) was treated with chloral and sulphuric acid. 
With sulphuric acid (95 per cent.) the original product was recovered. 
But with the sulphuric acid (100 per cent.) the mixture after four days 
yielded two products, one with chlorine and the other without it. The 
first is a polymer of chloral, i.e., (CCl,;CHO), but the second is the 
3-hydroxy-4 :6-dimethylbenzoic acid (X) (Gunter, Ber., 1884, 17, 
1608). This fixes the constitution of (IX). 

The product (X) is formed by the elimination of carbon dioxide by 
the action of sulphuric acid (100 per cent.) in presence of chloral. 
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This elimination can be considered in the light of the ‘‘ induced 
alternate polerity *’ principle of Vorlinder. It has been found that 
the carbon dioxide is readily lost by a negative C-atom. Thus in (IX), 
CH, 
/\ou 
HOOCH,C \/ 
COOH 
the methyl and carboxyl groups support one another in making 
the carbon atom which loses carbon dioxide negative. 

Since the acids (III) and (IX) are different and since the 
chloral molecule CHOH‘CCI, in the methoxy compound is attached 
tothe benzene ring in the p-position to the methoxy group, the 
linking in the hydroxy compound must be in the 0-position. 


EXPERIMENTAL. 

3-Hydroxy-4-methyl-a-trichloromethyl phthalide, (I).—2-Hydroxy- 
p-toluic acid (10 g.), chloral hydrate (12 g.)and sulphuric acid (80 c.c., 
95 p.c.) were shaken together toa clear solution. On the third day 
the mixture was poured over ice when a solid separated. It was 
crystallised from acetic acid and then from a mixture of acetone and 
petroleum ether in rectangular plates, m.p. 232°. (Found: Cl, 88°0. 
C19H,03Clz requires Cl, 837°8 per cent.). It is soluble in alcohol, 
acetic acid, acetone, and insoluble in water, benzene, petroleum 
ether, toluene, chloroform. 

Acetyl derivative crystallised from dilute alcohol, m.p. 142°. 
(Found: Cl, 38°0. C, gH ,0,Cl; requires Cl, 32°9 per cent.). 

Benzoyl derivative crystallised from methyl alcohol, m.p. 164°. 
(Found :Cl, 27°3. C,;H,,0,4Cl, requires Cl, 27°6 per cent.). 

2-H ydrozxy-6-carboxy-3-methylmandelic acid, (Ia).—The trichloro- 
methyl phthalide (I) was heated on a water-bath with sodium hydro- 
xide (200 c.c., 20 p. c.) for 3 hours. After cooling, it was acidified 
with dilute hydrochloric acid and extracted with ether. A thick oil 
was obtained which solidified on keeping in an alkali-desiccator. The 
solid mass was purified through its barium salt and then crystallised 
from a mixture of acetone and toluene. The acid can also be puri- 
fied by distilling the thick oil at reduced pressure when the vapours 
condense to a yellow mass. This on crystallisation gave the pure 
product as needles, m.p. 115°. (Found: Egq.wt., 223°4; C, 53°0; H, 
4°38. Cy9H, 90, requires Eq. wt., 226°0; C. 58°1; H, 4°4 per cent.). 
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The barium salt is soluble in water. (Found: Ba, 37°7. C}>H,O, Ba 
requires Ba, 38°0 per cent.). The substance is soluble in alcohol, 
acetone, sparingly soluble in benzene, and toluene, insoluble in 
petroleum ether and chloroform. 

8-Hydroxy-4-methyl-2-BB-dichloroethylbenzoic acid, @. —The tri- 
chloromethy! phthalide (I) (10 g.) was dissolved in acetic acid. Zinc 
dust (7°5 g.) was then added in small quantities while the mixture 
was automatically shaken. After 3 hours the mixture was filtered 
and the filtrate diluted with water. A white light substance separa- 
ted. This was collected and crystallised from benzene in feathery 
concentric needles, m.p. 184°. (Found: Eq. wt., 247°0; Ci, 28°3. 
CoH 903Clg requires Eq. wt., 249°0; Cl, 28°5 per cent.). The 
substance 1s soluble in acetic acid, acetone, alcohol, sparingly soluble 
in ether, toluene, benzene. and insoluble in petroleum ether. 

Acetyl derivative crystallised from a mixture of petroleum ether 
and acetone, m.p.185° (mixed with starting substance, m.p. 169°). 
(Found: Cl, 24°4. ©, 9H ,.0,Cl, requires Cl, 24°4 per cent.). 

Benzoyl derivative crystallised from benzene, m.p. 140°. (Found: 
Cl, 20°38. C,7H44O,4Clg requires Cl, 20°1 per cent.). 

Barium salt crystallised with 3 molecules of water of crystallisa- 
tion. [Found: Ba, 19°7. (C},>H,gO3Clg)g Ba, 3H,0 requires Ba, 20°0 
per cent. ]. 

2-H ydroxy-8-methyl-6-carboryphenyl-l-acetic acid,(III).—The acid 
(If, m.p. 184°) (10 g.) was added to concentrated sulphuric acid 
(30 ¢.c., 95 p.c.) in very small quantities. The substance changed 
to yellow colour and hydrogen chloride gas was evolved. On heating 
on the water-bath, the whole turned to brown sticky mass, which 
was filtered through flannel and transferred to a porous plate. It 
was dried in an alkali-desiccator. The dry mass was crystallised 
from water three times in square plates, m.p. 218°. 

The sulphuric acid mother liquor was diluted and extracted with 
ether yielding further quant'ty of the substance. (Found: Eq. wt., 
209°8; C, 57°1; H, 4°7. Cy 9Hy.0; requires Eq. wt., 210-0; C, 57°1; 
H,4°7 per cent.). The substance is very soluble in acetic acid, 
alcohol, acetone, ether, water, slightly soluble in benzene, toluene, 
petroleum ether, chloroform. 

Barium salt crystallised with 1H,O. (Found: Ba, 387°6. 
C1 9H,0,;Ba requires Ba, 37°8 per cent.). 

Benzoyl derivative was prepared by the pyridine method. It was 
isolated by extraction with ether and repeatedly crystallised from 
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hot water in feathery needles, m.p. 126°. (Found: Eq. wt., 313°8. 
C,H, 40, requires Eq. wt., 314). 

The methoxy derivative was prepared by the methyl sulphate 
method, crystallised from dilute acetic acid and recrystallised from 
a mixture of chloroform and acetone in prismatic plates, m.p. 206°. 
(Found: Eq. wt., 225°6. C,,H,,0,; requires Eq. wt., 224). 

The acetyl derivative was prepared using acetic anhydride. The 
product was extracted with ether, and crystallised from water, m.p. 
110°. (Found: Eq. wt., 251°8. C,9H) 90. requires Eq. wt., 252). 

2- Hydroxy -3- methyl-6-a-trichloromethylphthalide- phenylacetic 
acid,(IV).—Ths phenylacetic acid (III, m.p. 213°) (6 g.) and freshly 
distilled chloral (9 g.) were mixed with sulphuric acid. After 4 days 
the mixture was poured over crushed ice. The slightly yellow 
powder was collected, crystallised from acetic acid and recrystallised 
from acetone and toluene in concentric needles, m.p. 249°. (The 
yields are improved by using 100 p. c. sulphuric acid from 21 p. c. 
to 47 p. c.). 

The same substance can be obtained directly from (II). The 
sulphuric acid acts as the condensing agent as well as hydrolysing 
and oxidising agent. (But the yields are poor and the purification is 
tedious). (Found: Cl, 81°0. C;9H,0;Cl, requires Cl, 31°3 per cent.). 

2-Carbory-3-carboxrymethyl-4-hydroxy-5-methylmandelic acid,(IVa). 
—It was prepared by the action of sodium hydroxide on (LV). 
The acid was isolated by extracting with ether and crystallised from 
ether in rectangular plates, m.p. 246°. (Found: Eq. wt., 281°5. 
C19H 120, requires Eq. wt., 284). 

2-Hydroxy-3-methyl-5-88 - dichloroethyl-6-carboxyphenyl-1-acetic 
acid, (V).—The trichloromethylphthalide-phenylacetic acid (IV, m.p. 
249°) (10 g.) was dissolved in glacial acetic acid (800 c.c.) by heating. 
Zinc dust (35 g.) was added in small quantities at a time to the solu- 
tion. After heating for 8 hours the mixture was filtered off from 
unchanged zinc and zinc acetate. The filtrate was then evaporated 
on the water-bath. The sticky yellowish syrup-like substance was 
kept in an alkali desiccator for 8 days. The mass was then treated 
with a small quantity of water and the white solid obtained was 
collected and dried. It was crystallised from water and recrystal- 
lised from a mixture of toluene and acetone in small white needles, 
m. p. 203-05°. (Found: Cl, 22°9. C,gH;90;Clg requires Cl, 23°1 
per cent.). The substance is soluble in acetic acid, alcohol, acetone, 
insoluble in ether, toluene, benzene, chloroform, petroleum ether, 
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2-Hydrozy-3 methyl-6-carboryphenylene-1: 5-bisacetic acid, ¢V1) 
was prepared by the action of sulphuric acid on the compound {V) 
(m.p. 203-205°) and crystallised from a mixture of toluene - and 
acetone, m.p. 220°. (Found: Eq. wt., 265°2. Cy,Hy20, requires 
Eq. wt., 268°0). The substance is soluble in acetone, alcohol, water 
(hot), insoluble in benzene, chloroform, .sparingly soluble in petro: 
leum ether. 

5-Methozy-4-methyl-a-trichloromethyl phthalide, (vn). —2-Meth- 
oxy-p-toluic acid (m.p. 164°) (10g.) and chloral hydrate (10 g.) 
were mixed with sulphuric acid (50 c.c.). On shaking the substarice 
went into solution. After 3 days a white mass separated. The whole 
mixture was then poured over crushed ice. The white pasty mass 
was allowed to remain in the mother liquor for 12 hours when it set 
to a hard mass. This was crystallised from acetic acid and recrystal- 
lised from dilute alcohol in rectangular plates, m.p. 132°. (Found: 
Cl, 85°8. C,,H,0,Cl, requires Cl, 36°0 per cent.). The substance is 
soluble in acetic acid, alcohol, sparingly soluble in ether, petroleum 
ether, chloroform, toluene, benzene. 

5-Methoxry-4-methyl-a-carboryphthalide, (VIIa).—5-Methoxy-4- 
methyl-a-trichloromethyl phthalide (VII, m.p. 182°) was heated with 
sodium hydroxide (100 c.c., 20p.c.). The brown mass obtained 
by acidifying the solution mixture was crystallised from a mixture of 
acetone and toluene in rectangular plates, m.p. 222°. (Found: Eq. 
wt., 220; C,593; H, 45. C,,H) 90, requires Eq. wt., 222°0 ; 
C, 59°4 ; H, 4°5 per cent,). ~ ; 

Barium salt crystallised with 2 molecules of water of crystallisa- 
tion. [Found: Ba, 22:1. (C;;H,0O;)2Ba, 2H,O requires Ba, 22°3 
per cent.]. 

5-Methozry-4-methyl-2-88-dichloroethylhenzoic acid, (VIII). poll Me- 
thoxy-4-methyl-a-trichloromethy! phthalide (VII) (m.p.. 132°) was 
reduced with zinc and acetic acid. The white _mass obtained by 
diluting the acetic acid filtrate was crystallised fram dilute acetic. 
acid and recrystallised from toluene in fine clusters of feathery 
needles, m.p. 195°, (Found; Eq. wt., 259°7; Cl, 26°8. C,,H,,0;Cl, 
requires Eq. wt., 263°0; Cl, 27°0 per cent.). The substance is 
soluble in acetic acid, acetone, benzene (hot), toluene (hot), ether, 
insoluble in petroleum ether. . 

Barium - salt: is- insoluble in water. ‘[Founa: Ba, 20: 5. (Oye: 
H,,03 Clg)2Ba requires Ba, 20°7 per eent:].- -. -- -- oo 


10 
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(| 8-Methyl-4-hydrozy-6-carboryphenyl-1-acetic acid, (IX).—The re- 
duction product (VIII) was powdered and was added in small quan- 
tities to concentrated sulphuric acid. Hydrogen chloride was copi- 
ously evolved. The reaction mixture was properly shaken and 
heated and after 6 hours it was poured over ice-water when a yellow 
mass separated. Crystallised from acetic acid and recrystallised 
from methy! alcohol in prismatic plates, m.p. 209° (m.p.200° in mix- 
ture with 2-hydroxy-3-methyl-6-carboxyphenyl-l-acetic acid, III). 
(Found: Eq. wt., 210°0 ; C, 569; H, 45. C\9H,.0; requires Eq. 
wt,, 210°0 ; C,57°1; H, 4°7 per cent.). 

_. Barium salt is insoluble in water. (Found: Ba, 89°7. C,)>H,0,Ba 
requires Ba, 39°8 per cent.). 

Benzoyl derivative crystallised from methyl alcohol in needles, 

m.p. 170°. (Found: Eq wt., 312°6. C,,H,,40, requires Eq. wt., 
§14°0). 
. 4-Hydrozy-5-methylphthalic acid, ([Xa).—The phenylacetic acid 
(IX, m.p. 209°) (4 g.) was dissolved in dilute potassium hydroxide 
solution (200c.c.,5p.c.) and the liquid heated onthe water- 
bath. Potassium permanganate (300 c.c., 2 p.c.) was slowly 
added. After heating for 5 hours the mixture was filtered from 
manganese dioxide, concentrated to small volume and acidified with 
sulphuric acid. The white mass that precipitated was washed several 
times and crystallised five times from hot water, m.p. 244-45°. 
(Fourid: Eq. wt., 195°7 ; C, 548; H, 41. CyH,O, requires Eq. 
wt., 196°0 ; C, 55°0 ; H, 4°0 per cent.). 

Barium salt is insoluble in water. (Found : Ba, 41°2. C,H,0,Ba 
requires Ba, 41°4 per cent.). 

-8-Hydrozy-4: 6-dimethylbenzoic acid, (X).—The mixture of the 
phenylacetic acid (IX, m.p. 209°) (8 g.) and chloral (12 g.) with sul- 
phuric acid (225 c.c., 100 p.c.) was kept for 8days. During this 
time continual effervescence was observed. A reddish yellow sub- 
stance separated on pouring over ice. This was collected and was 
found to be a mixture of two compounds A and B. 

Separation of A.—The reddish yellow mass was dissolved in a 
small quantity of acetic acid (hot). On keeping a white mass 
settled down. This was collected, washed and dried, m.p. 130°. 
(The acetic acid mother liquor was kept for further treatment). The 
mass, (m.p. 130°) was dissolved in methyl alcohol which deposited a 
substance, m.p. 165°. This was crystallised from acetic acid and 
finally from toluene in concentric needles, m.p. 170-71°. (Found: 
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Eq. wt., 166°9 ; C, 649; H, 60. CyH, 903 requires Eq. wt., 
166°0 ; C, 65°0 ; H, 6°0 per cent.). The substance is soluble in alco- 
hol, acetic acid. toluene (hot), benzene (hot), acetone, insoluble in 
petroleum ether, chloroform. Barium salt is insoluble in water. 
[Found : Ba, 29°2. (CyH,O )gBa requires Ba, 29°4 per cent.]. 
Acetyl derivative crystallised from a mixture of acetone and petroleum 
ether in needles, m.p. 134°. (Found: Eq. wt., 206°5. C,,H,.0, 
requires Eq. wt., 208). 

Separation of B [polymer of chloral (CC1;CHO), ].—The acetic 
acid mother liquor from A was diluted with water. A pasty mass 
was obtained. The methyl alcohol and toluene mother liquors also 
yielded a yellow powder. All these substances were dissolved in 
acetic acid (hot) which deposited @ mass, m.p. 115° This was crys- 
tallised from methyl alcohol and finally from petroleum ether in 
rectangular plates, m.p. 120°. The results of six whlorine estimations 
were not in close agreement only two are given. [Found: Cl, 71°47, 
72°56. (CCl,CHO), requires Cl, 72°2 percent.]. The substance is 
very soluble in alcohol, acetic acid, acetone, benzene, toluene, 
sparingly soluble in petroleum ether. 


The authors are grateful to Dr. T. 8S. Wheeler, Principal, 
Royal Institute of Science, Bombay and to Mr. R. C, Shah, M.Sc., 
A.1.1.Sc., for their interest in the work. 
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Synthesis of 1 :2:7-Trihydroxy-5-methylanthrone- 
8-carboxylic Acid. 


By Prarutyta Kumar Pav. 


In course of oxidation of coccinine (Annalen, 1916, 899, 1) the 
polyhydric phenol residue is lost, with the production of cochenillic 
acid, to which the following constitution has been assigned by 
Dimroth from analytical standpoint and some of the reactions 
of the acid. 

CH, 
HO,C 
| 
I 
HO,C OH 
CO, 

It was therefore of some interest to attempt synthesis of 
anthrones composed of a m-cresotinic acid residue and a polyhydric 
phenol residue, which on oxidation may possibly produce cochenillic 
acid and thus definitely settle its constitution. 

With this end in view 3:4:5-trimethoxy-1:2-phthalide (Alim- 
chandani and Meldrum, J. Chem.Soc., 1920, 117, 964), 6-methyl- 
8 :5-dimethoxy-1:2-phthalide (Mitter, Sen and Paul, J. Indian 
Chem. Soc., 1927, 4, 536) and 5:6-dimethoxy-1:2-phthalide 
(meconine) were condensed with ethyl methoxy-m-cresotinate in 
presence of aluminium chloride (King, J. Amer. Chem. Soc., 1927, 
49, 568) and partially demethylated benzylbenzoic acid derivatives 
were obtained. The yield of these condensation products, was 
generally low, and they hardly undergo ring closure to yield anthrone 
derivatives. Only a very poor yield of anthrone derivative could 
be obtained from the condensation product of meconine and ethyl 
methoxy-m-cresotinate which on demethylation with hydrobromic 
acid in glacial acetic acid gave the following compound. 


HOW AA Jon 
OH CO CO,H 


(I) 
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The quantity of 1:2:7-trihydroxy-5-methylanthrone-8-carboxylic 
acid (I) obtained was very small and no more thar 0°5 g. of the 
Substance could be subjected to the oxidising action of alkaline 
hydrogen peroxide (Ber., 1909, 42, 1625) from which no definite 
result could be obtained and so the following alternative scheme 
for the synthesis of (I) was adopted. 

Opianic acid was condensed with ethyl-m-cresotinate in presence 
of 85 per cent. sulphuric acid (Jacobson and Adam, J. Amer. Chem, 
Soc., 1925, 47, 2011). The condensation product was then hydro- 
lysed with 10 per cent. alcoholic potash and the product of 
hydrolysis completely reduced with zinc dust and 10 per cent. 
caustic soda solution. The benzylbenzoic acid derivative thus 
produced may have the alternative formulea given below. 


H; 


A / Oba C 


CH; 
| | CHa A 
OMe\/\ co, S08 iy 
Ome C924 oO,H OMe, AL Oo 
; OMe CO,H CO,H 
(II) (III) 


The neutral methoxymethyl ester was prepared and found to 
be identical with that prepared from the condensation product of 
meconine with ethyl methoxy-m-cresotinate, where condensation 
takes pl:.ce mainly at the para-position to the OMe group of ethyl 
methoxy-m-cresotinate, as is evident from the ring closure of the 
benzylbenzoic acid derivative already mentioned. The identity of 
the benzylbenzoic acid derivatives prepared by alternative methods, 
leaves no room for doubt as to the constitution of the product 
being (II). 

A proper condition for ring closure of (II) to yield anthrone 
derivative has not yet been found and all attempts to that end 


have so far failed. 


EXPERIMENTAL. 


Condensation of meconine with ethyl methory-m-cresotinate.— 
Meconine (10 g.) and ethyl methoxy-m-cresotinate (10 g.) 
were dissolved in chloroform (50 c.c.) in a R. B. flask fitted 
up with a reflux condenser, and anhydrous aluminium chloride 
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(10 g.) was added in two instalments and heated on the 
water-bath for 6 hours, when the reaction mixture turned into 
a deep brown homogeneous solution. A further quantity of 
aluminium chloride (15 g.) was then added and the heating 
continued for a further period of 20 hours. The reaction product 
was found to be deep red solid mass, which was then decomposed 
with ice-cold dilute hydrochloric acid and steam distilled to ensure 
the decomposition of the aluminium compound formed during the 
reaction. The reaction product was then cooled and extracted with 
ether and the ethereal extract washed repeatedly with s«dium bi- 
carbonate solution. The bicarbonate-wash on acidification with 
hydrochloric acid yielded the condensation product as a brown solid, 
which crystallised from glacial acetic acid, m. p. 207°. [Found: C, 
61°16 ; H, 5°22; OMe, 9°60. C,,H,,0, requires C, 61°45 ; H, 4°82; 
OMe (Mono), 9°33 per cent. }. 

Neutral methorymethyl ester of the above benzylbenzoic acid 
derivative was prepared by heating the same (1% g.) with sodium 
(0°6 g.) in methyl alcohol and methyl iodide (4 g.) in a sealed tube 
for 2 hours at 100°. It crystallised from methyl alcohol in stout 
needles, m. p. 98-99°. (Found: C, 64°57; H, 6°34. C.,H,,0, 
requires C, 64°94 ; H, 6°18 per cent.). 

Ring closure of the condensation product.—The condensation pro- 
duct was dissolved in chemically pure sulphuric acid (5 c.c.) to a deep 
red solution, and kept for 12 hours at ordinary temperature, when 
the colour of the solution changed to dirty green. It was then 
warmed at 65-70° for 10 minutes, when the colour changed, first 
from bottle green to deep green, then blue and ultimately bluish 
violet, when it was cooled and poured on to crushed ice. The 
solid reaction produsxt which was black with a violet tinge was 
separated, dried and dissolved in ethyl acetate. The deep red ethyl 
acetate extract was made free from tarry impurities by precipitat- 
ing them with petroleum ether, when a beautiful scarlet solution 
was obtained, which on concentration gave the reaction product 
as a pink powder. It crystallised from alarge volume of benzene 
with a few drops of ethyl acetate in needles, m. p. 225°. 
(Found: C, 6457; H, 5°0. C,,;H,,0, requires C, 64°97; H, 
4°46 per cent.). 

1:2:7-Trikydrory-5-methylanthrone-8-carborylic acid, (1).—The 
product of ring closure (1 g.) (m. p. 225°), as described above was 
demethylated by heating with hydrobromic acid in glacial acetic 





496: .... P. K, PAUL 


acid (15 c.c.) under reflux for 3-4 hours. The acetic acid was 
removed from the reaction product under reduced pressure in a 
desiccator over caustic potash, when the compound was obtained 
mixed with some tarry matter, which was removed by fractional 
precipitation with benzene, from an ethyl acetate solution of the 
reaction product. The compound thus obtained was dissolved in 
least quantity of glacial acetic acid and allowed to stand in a desic- 
cator over caustic potash when it was obtained in crystalline condition, 
m. p. 255° (decomp.) with previous blackening between 245-50°, 
It dissolves in alkali with a violet coloration which changes ultimately 
todeep brown. (Found : C, 63°84; H, 4°25. Cy¢H9:0¢ requires 
C, 64°0; H, 4:0 per cent.). 

Oondensation of opianic acid with ethyl m-cresotinate,—Opianic 
acid (14 g.) was intimately mixed with ethyl m-cresotinate 
(12 g.) and to the mixture sulphuric acid (85 p.c., 40c,c.) was 
added, when a light brown homogeneous solution resulted with 
slight rise in temperature. It was then allowed to stand at 
ordinary temperature for 6-7 hours and diluted with water, when 
the condensation product separated. It was then extracted with 
ether, the ethereal extract washed with sodium bicarbonate solution, 
dried with calcium chloride and ether allowed to evaporate when the 
reaction product was obtained as a solid, crystallising from alcohol in 
needles, m. p, 93°, (Found: C, 64°71; H, 5°71. Cg9He90;7 re- 
quires C, 64°52; H, 5°38 per cent.). 

The corresponding acid was obtained by hydrolysing the condensa- 
tion product by heating with 6 times the required quantity of alco- 
holic potash under reflux on a water-bath for 3 hours. The reaction 
mixture was then diluted with half its volume of water, alcohol 
driven off on a water-bath, cooled and acidified with hydrochloric 
acid, when a white solid separated. It crystallised from acetic acid, 
m. p. 255°. (Found: C, 62°44; H, 49. C,,H,,0, requires C, 
62°79; H, 4°65 per cent.). 

The same compound was obtained by direct condensation of opi- 
anic acid with m-cresotinic acid in presence of 85 p. c. sulphuric acid 
but it is not advantageous owing to the difficulty of separation of the 
required condensation product from the unreacted acids. 

Benzylbenzoic acid derivative, (II).—The reduction of the preced- 
ing compound (m. p. 255°) to the corresponding benzylbenzoic_ acid 
derivative was achieved by boiling the same (10 g.) with fresh zinc 
dust (30 g.) and caustic soda solution (10 p.-c.,. 200 c: c.) under — 
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vigorous mechanical stirring under reflux for 20 hours. When the 
reaction was over, the reaction mixture was cooled and filtered, the 
filtrate on acidification with hydrochloric acid gave the reduction 
product as a pasty mass, which soon solidified. It crystallised from 
glacial acetic acid in prisms, m. p. 183°. (Found: C, 62°05; H, 
5°52. O,,H;,0;7 requires C, 62°48; H, 5:2 per cent.). 

A neutral methoxymethyl ester of the benzylbenzoic acid deri- 
vative (m. p. 183°) was prepared in a similar way as that of the 
condensation product of meconine with ethyl methoxy-m-cresotinate. 
It crystallised from methyl alcohol, m. p. 101°. (Found: C, 64°82; 
H, 6°45. Cy,H,,0; requires C, 64°94; H, 6°18 percent.). The 
identity of the two neutral methoxymethyl esters was ensured by 
an observation of no depression in the melting point of an intimate 
mixture of the two. 

Condensation of 3:4:5-trimethory-1:2-phthalide with ethyl meth- 
oxy-m-cresotinate.—Equimolecular quantities of 3:4:5-trimethoxy- 
1;2-phthalide and ethyl methoxy-m-cresotinate in chloroform solution 
were treated with aluminium chloride, the procedure being the same 
as that used in the case of the condensation of meconine with ethyl 
methoxy-m-cresotinate. The compound crystallised in beautiful 
needles from benzene, m. p. 187°. (Found: C, 69°27; H, 5:11. 
C,gH 0, requires C, 59°68; H, 4°97 per cent.). 

Condensation of 6-methyl-3:5-dimethoxy-1:2-phthalide with ethyl 
methoxy-m-cresotinate.—The condensation of equimolecular quantity 
of the phthalide and ethyl methoxy-m-cresotinate was carried out 
in chloroform solution in presence of aluminium chloride as usual, 
only the heating on the water-bath was prolonged to 35 hours. The 
substance crystallised from water with a little alcohol in beautiful 
white stout needles, m. p. 203-04°. (Found: C, 62°62; H, 5°68, 
C,gH;,0;, requires C, 62°43; H, 5°2 per cent.). 

My grateful thanks are due to Prof. P. C. Mitter for his kind 
interest in the investigation and for his giving me every facility to 


carry out the work. 
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Peroxidases, Pa*t I'. The Influence of the Concen- 
tration of Substrate (Hydroquinone), of Hydrogen 
Paroxide, Px and other Factors on the 
Activity of the Peroxidase of 
Chow Chow (Sechium Edule). 


By Biman Brgari Dey AND MAYAVARAM VASUDEVA SITHARAMAN. 


In the present paper several of the important factors which influ- 
ence the activities of peroxidases have been studied in detail, the 
peroxidase activities being determined by the method described pre- 
viously (J. Indian Chem. Soc., 1931, 8, 479). The vegetable 
commonly known as Chow Chow (Sechium Edule 8S. W., N. O. 
Cucurbitace@), is found to be extraordinarily rich in this enzyme, and 
all experiments recorded in this paper have been carried out with an 
enzyme extract prepared from this particular vegetable. Several 
attempts were made to prepare the enzymes both from the Jhinga 
(Luffa acutangula) and the chow chow fruits in as pure a condition as 
possible by the usual methods described by Willstiittar and Stoll 
(Annalen, 1918, 416, 21), but a certain amount of rotting invariably 
set in during the preliminary process of soaking the thin slices of the 
vegetables in flowing water for several days, as recommended by these 
authors, for the purpose of removing the simpler products by dialysis 
through the cell walls themselves. A material which may be consi- 
dered to be an extract of the oxidising enzymes practically free 
from all foreign matter, prepared by the method described below, 
has, however, been found to be very suitable for the purposes of these 
investigations. The fresh vegetable, cut into very thin slices, is 
washed in running water for a few hours, and then made into pulp 
with an ordinary mutton chopper tinned on the inside and paraffined 
all over to prevent the sap from coming into contact with the metal. 
The pulp is gently squeezed through muslin bags, an average chow 
chow fruit, weighing about 250 g., yielding in this way 120-140 c.c. 
of a nearly colourless, and somewhat turbid liquid, This was now 
dialysed through a parchment bag in a tall beaker at 10°, in a 
refrigerator, the water to which a few drops of toluene had been add- 
ed being frequently replaced. The operation normally required 4 





500 B. B. DEY AND M. V, SITHARAMAN 


days at the end of which period the dialysed sap became clear and its 
osmotic pressure had greatly diminished. It was now centrifuged 
to remove all suspended particles, and finally filtered through paper 
pulp into a bottle containing a few drops of toluene, and preserved 
in the refrigerator. An extract prepared in this manner retained its 
peroxidase activity perfectly unimpaired, and gave the same titre 
value with decinormal thiosulphate even at the end of one month as 
when it was freshly made. The pu of this liquid, determined in all 
cases with the quinhydrone electrode, usually ranged between 4°5 and 
4°6, but in rare instances it has been found to go down as low as 4°33 
or rise as high as 4°86, 

The extract, in the case of chow chow, is found to contain the 
enzymes in a very concentrated form, and the normal reaction with 
hydroquinone proceeds so rapidly that equilibrium is attained almost 
immediately. * The undiluted sap could not therefore be used for 
the purpose of studying the kinetics of this oxidation reaction, and 
a few preliminary experiments had to be made to determine the 
precise concentration and volume of the enzyme solution which was 
most suitable for these studies, The course of the reaction was 


followed with (a) the undiluted sap, (b) the sap diluted with an equal 
volume of water, (c) sap diluted with three times its volume of 
water, and (d) sap diluted with seven times its volume of water, 
corresponding respectively to the original, half, one-fourth, and one- 
eighth of the concentration of the enzyme in the sap. 


Fig. 1. 





Thiosulphate in c.c. 


e =) [ee oy 
20 40 60 70 
Time in min. 
(undiluted sap.) 








_* In this preparation, the peroxidase was not contaminated with oxygenase as no 
oxidation was found to occur in the absence of hydrogen peroxide. 
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It would be seen from the results given in Tables I and II that a 
dilution corresponding to a fourth of the enzyme concentration of 
the undiluted sap works most satisfactorily. A15 minutes reaction 
period was found to be the most suitable, while a volume of 5 c.c. 
of the dilute enzyme s olution which produced the maximum effect 
under the conditions of our experiments, was chosen in all cases. 
All reactants were measured directly from a refrigerator maintain- 
ing a constant temperature of 13°. The results are shown in Tables 
I and II and in Fig. 1, 2 and 3. 


Fic. 2. Fie. 3. 








e, 


_ _ 
Oo o 


or 


Thiosulphate in c.c. 
Thiosulphate in c.c, 








20 40 60 70 20 40 


Time in min, Time in min, 








(Sap diluted with its own (Sap diluted with 3 times 
vol. of water.) its vol. of water.) 


Effect of the hydrogen peroxide concentration on peroxidase 
activity.—Bach (Ber., 1904, 37, 3787), Willstiitter and Weber (Anna- 
len, 1926, 449, 175) and Mann (Biochem. J., 1931, 25, 918) have 
shown that excess of hydrogen peroxide inhibits the activity of the 
peroxidases, and in larger quantities, destroys it altogether, and in 
our experiments with the peroxidase of Luffa acutangula described 
previously, we have been able to confirm these conclusions. It is, 
therefore, essential to determine carefully the proper concentration 
of hydrogen peroxide to be employed in each experiment which is 
calculated to prevent any destruction of the enzyme, and at the 
same time to produce the maximum effect. Several experiments 
were made in which the concentration of H,O, was varied, while 
all the other factors were kept constant. The precipitated quinhy- 
drone was collected on a coarse Jena sintered glass filter and esti- 
mated volumetrically according to the usual method. From the 
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results given in Table III and in Fig. 4. it will be evident that 
under the conditions of our experiments, the maximum activity is 


Fie. 4. 
10 


Thiosulphate in c.c. 








2 
1 % Hg0zg in c.c. 


attained when the amount of hydrogen peroxide added is 2 c.c. of 
1 p. c. strength (0°02 g. in 13 c.c. of reaction mixture), and this con- 
centration of H,O, was therefore adhered to in all the subsequent 
experiments. 

Effect of the concentration of substrate at constant pu.—In the 
course of an interesting series of experiments of an allied type on the 
peroxidase of horse-radish roots, Getchell and Walton (J. Biol. 
Chem., 1931, 94, 419) have shown that at pa 6 and with 
pyrogallol substrate. the concentration of maximum activity is 10 dg. 
per 100 c.c., other conditions. ec. g., strength of the enzyme solu- 
tion, etc., remaining unaltered. The usual curve with mg. of 
purpurogallin plotted as ordinate and dg. of pyrogallol plotted as 
abscissa. shows a peak at 10 dg. and falls off rapidly after the con- 
centration has reached this limit. On account of the limited solubility 
of hydroquinone, it was not possible to carry on our experiments 
beyond a concentration of 4°5 percent. A citrate buffer of px 5:2, 
was used and a constant volume was added for each experiment. 
The hydroquinone was weighed out in each case, instead of adding 
it in solution, and the total volume of the reaction mixture was thus 
kept constant. The curve does not show any well defined peak, and 
the activity seems to remain constant when the concentration of 
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the substrate is between 0°25 and 0°35 at the total constant volume 
of 18 c.c, (cf. Table IV and Fig. 5). 


Fie. 8. 


Thiosulphate in c.c. 





1 1 L 


0°2 03 o"4 0°65 





Hydroquinone in g. 


Activity-px relationship.—Mcllvaine’s citrate buffer, providing a 
convenient range from px 2°2 to po 8°0, was prepared by using the 
purest citric acid crystals and sodium phosphate (Sérensen’s 
NagHPO,, 2H,0). 5—6C.c. of the buffer were measured into a 50 
c.c. beaker. and 2 c.c. of 1 per cent. HgO,, 0°3 g. of hydroquinone 
and6 c.c. of the enzyme solution successively added, the total 
volume being kept constant in each case. The reaction was 
stopped by adding 2 o.c. of 2N-HCl. With hydroquinone subs- 
trate, the activity is perceptible even in N/10 solutions of HCl 
with a pH of about 1°07. The optimum px for the peroxi- 
dase of horse-radish has been given as 7 when pyrogallol is used 
as the substrate, while with guaiacol it lies between 6 and 6:2, 
and with o-cresol, between 3°5 and 3 (cf. Bansi and Ucko, Z. 
physiol. Chem., 1926, 169, 235). It can be seen from our results, 
that with the hydroquinone substrate, the maximum activity of chow 
chow peroxidase lies between 4°8 and 5°2 in the acid region, whether 
the raw or the dialysed sapeis used. Wieland and Sutter (Ber., 
1928, 61, 1060), proceeding in a different way, find the optimum px 
to be 4°6 for the oxygenase of Lactarius vellereus (fungus) which 
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autoxidises quinol with the production of hydrogen peroxide. Special 
precautions had to be taken to prevent the aerial oxidation of hydro- 
quinone solutions which showed signs of oxidation by turning brown 
even when the px just exceeded 6°6, and all experiments in the 
alkaline regions of pH and those approaching alkalinity were there- 
fore carried out with a current of nitrogen bubbling through the 
liquid. The results are summarised in Tables V, VI and VII, and 
in Fig. 6, 7 and 8. ‘ 

Inhibition of the reaction by HCl, and the influence of poisons like 
KCN and HgClg, on the activity.—Experiments carried out in normal 
(pH 0°10), decinormal (pH 1°07) and centinormal (px 2°02) HCl 
solutions showed that with dilute solutions of the enzyme the re- 
activity was practically nil. When, however, the enzyme solution 
was concentrated, ¢. g., when the undiluted sap was employed, the 
action was observed to be fairly rapid even in N/100-HCl. In such 
cases, the reaction was found to be completely stopped only by the 
addition of 2N-HC! until the final solution had become approximately 
N/5 with respect to it. 

The activity of the enzyme is inhibited completely by KCN of 
M/10,000 concentration, while in solutions of M/100,000 concentra- 
tion, the activity is almost unaffected. Mercurie chloride does 
not seem to have so marked an effect in poisoning the peroxidase ; 
under similar conditions, the peroxidase showed signs of consider- 
able activity even after the addition of a solution of mercuric chloride 
of M/1000 concentration. The results are given in Tables VIII 


and IX. 
Results. 


Tasie I. (cf. Fig. 1—3). 


To 7 c. c. of buffer (pH 5°6) was added 2 c. c. of 1% H,Og, 0°3 g. 
of hydroquinone, 5 c.c. of sap, and the reaction was stopped by the 
addition of 2 ¢.c. of 2N-HCI (Total vol., 16 c.c. at 13°). 


Time in min. — a 5 10 15 20 25 40 60 


N/10-Thiosulphate in c.c. 


(1) Undiluted sap .. 181 181 189 18°35 18°85 18°85 18°85 18°85 


(2) Sap diluted with its 
own vol. of water .. 15°65 192 19°2 19°2 ont 19°2 19°23 19°2 
(3) Sap diluted with 
three times its vol. 
of water - 66 1015 154 177 1995 192 191 19°2 


12 
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When (3) was left over night (16 hours) in the refrigerator, the 
value obtained was the same, viz., 19°20 c.c. The pH in the above 
experiments was maintained at 5°6. 

At px 5°2, 5 c.c. of sap (1:3) gave quinhydrone ina 15 minutes 
reaction period corresponding to 10°25 c.c. of thiosulphate, while 
under identical conditions, the same volume of sap (1:7) gave quin- 
hydrone corresponding to 4°62 c.c., showing thereby that the reaction 
is greatly slowed down by dilution. 


TABLE II. 


Experiments with varying quantities of enzyme solution (1:8) 
were made using 5c.c. of buffer (px 5°6) and 2c.c. of 1 per cent. 
H,0,, 2¢.c. of 2N-HCl being finally added to stop the reaction. 
In all the experiments the volume of the reaction mixture was 
15 c.c. and of wt. hydroquinone, 03g. 

Vol. of sap (c.c.) ron 1 2 3 4 5 6 10 

Vol. of buffer = 5 5 5 5 5 

Water (c.c.) sie 5 4 3 2 1 tH) 1 

N/10-Thiosulphate ... 0°35 3°60 6°82 9°60 10°2 10°2 101 

It is evident that 5 c.c. of the sap, diluted in the above propor- 
tion, has the maximum effect under the conditions of experiment 


given above. 
Tase III (cf. Fig. 4). 


Effect of variation in the concentration of HzO, (unbuffered). 


Hydro- 2N-Acid to : 
; $ N/10-Thio- 
H,0.. quinone. Vol. of sap. — Water. sulphate. 


O'5e.c. (1%) 5 c.c. (4°4%) 5 c.c. 2 c.c. 2°5 c.c. 2°0 c.c. 
20 


1°0 2°0 
15 1°5 
2°0 . 1°0 
3°0 0°0 
2°0 c.c. (2%) ’ 1:0 
2°5 0°5 
3°0 00 
3°5 ‘ 0'0 
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The maximum activity is attained with 2c.c. of HO, of 1% 
strength, and rapidly falls off afterwards. 


TaBLE IV (cf. Fig. 5). 


The p - having been kept constant at 5°2, the activity was measur- 


ed at different concentrations of hydroquinone, the latter being weighed 
out each time. The reaction mixture contained 6c.c. buffer, 
5¢.c. sap, 2c¢.c. of 1% HgOg, with 2 c.c. 2N-HCl which was 
finally added to stop the reaction. 


Wt. of hydroquinone... O10 015 O2 O85 O83 O85 O4 OF8 O06 
N/10-Thiosulphate -. 410 865 9°55 100 10°2 10°4 9°85 9°75 8°65 


(c.c.) 

The activity is greatest when the amount of hydroquinone used 
is 0°35 g. and it can be taken to be almost the same for concen- 
trations of hydroquinone between 0°25 and 0°35 in a total volume of 
13 c.c. of the reaction mixture, excluding the volume of HCl added 
to stop the reaction. 


Activity-p,, relationships.—Three sets of experiments were carried 


out with varying concentrations of hydroquinone for each set of 
experiments. 


Tasie V (cf. Fig 6). 


(1) 6 C.c. buffer, 2¢.c. 1% H,Og, 5¢.c. sap, diluted 4 times, 
0°3 g. hydroquinone with the final addition of 2 c.c. 2N-HCl for 
stopping the reaction. 

Pa . 24 #28 32 40 48 =%S2 56 64 72 80 
N/10-Thiosulphate ... 04 16 34 89 101 985100 94 738 35 


(c.c.) 


TasLe VI (cf. Fig. 7). 


(2) 5 C.c. buffer, 5c¢.c. H.Q (0°22 g.), 5c.c. diluted sap and 
finally 2c.c. 2N-HCl. 
Pe . 24 28 82 40 48 52 56 6% 72 80 


N/10-Thiosulphate .. 1°60 4°27 70 92 9°65 9°85 90 7%5 3°4 0°55 
(c.c.) 
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TABLE VII (cf Fig. 8). 


(3) 7 C.c. buffer, 2¢.c. HgOo, 0°38 g. H.Q. 5c.c. sap (undiluted 
and undialysed), and finally 2 c.c. 2N-HCI. 


Py . 84 28 382 40 48 #%Sc2 60 68 72 76 80 


N/10-Thiosul- 1°30 235 47 O97 #11°8 171 1605133 9°6 6°05 2°8 
phate (c.c.) 


Influence of HCN and Hg Clg. 


TaBLeE VIII. 


(1) See also Table VI for the effect due to variation of Pa ). 


Conc. of KCN in molality -- O°01 001 ‘0001 00005 °0000383 ‘00001 oil. 
Pa ove wee 7°D4 4°62 
N/10-Thiosulphate (c.c.) -- nil oil bil 290 


TaBLe IX, 


Conc. of HgCl,. Py 


7 N/10-Thiosulphute. Activity of enzyme 


alone. 
M/100 ove 7°85 9°8 
M/1000 ‘ 9°25 9°8 
M/10000 os 97 9°8 


PRESIDENCY CoLLEGE, Received August 8, 1932, 
Mappras. 





The Kinetics ot the Action of Ammonium Halides 
on Epichlorhydrin. 


SoBHANLAL BANERJEE AND HeMENDRA KuMAR SEN. 


A preliminary note on the action of alkali and ammonium halides 
on cyclohexene oxide was published by Sen and Barat (J. Indian 
Chem. Soc., 1927, 4, 22) and subsequently, the kinetics of the 
action of epichlorhydrin and ethylene oxide were brought within 
the scope of investigation (Proceedings of the Indian Science 
Congress, 1927, p. 148). While the work was in progress, Bronsted, 
Kilpatric and Kilpatric published the kinetics of ethylene oxides (J. 
Amer. Chem, Soc., 1929, §1, 428) anticipating to a certain degree our 
results, although the experimental procedure and the motive were 
different in the two sets of investigations. Brénsted’s object in 
studying this reaction was to provide a test for his theory of velocity 
of ionic reactions, according to which the velocity should be given by 


h=k.Cox .Cuyo. Cal .f? 


where C’s indicate the concentrations of the reacting molecules (the 
oxide being electrically neutral), and f, the activity coefficient of a 
univalent ion (loc. cit.). There is no doubt that thisis a most 
generalised way of looking at chemical reactions, and the large mass 
of experimental data brought forward by these authors justify their 
point of view. We have, on the other hand, approached the inter- 
action of ethylene oxides with salts from the classical orthodox point 
of view, and have discarded the hitherto believed basic nature of 
these oxides and bave proved that the so-called basicity which was 
inferred from their power of precipitating oxides of certain metals, 
is only the result of their combination with the anion and the cation 
of the acid, the salt of which is brought into reaction. Indeed, the 
velocity of interaction between these oxides and the salts (haloids), 
is faster according as there is greater tendency for the forma- 
tion of the particular halohydrin. Thus, the rates of reaction 
between chlorides, bromides and iodides with say, epichlorhydrin, 
are inthe order iodide>bromide>chloride. Whilst Brénsted and 
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Kilpatrics (loc. cit.) maintain that ‘the addition of acids exhibited 
by the ethylene oxides, is kinetically only to a minor extent the 
reason of their apparent basicity’, we find, however, that the net 
result of the action of salt on these oxides, is the addition of acid, 
whatever may be the scheme of reaction. Now, the ability of a 
substance to add an acid is, by no means, a feature characteristic 
of bases. ‘Bases are characterised by adding protone. Taking up 
the whole of an acid molecule, is something quite different from the 
basic function ; it depends upon the anion of the acid in an individual 
manner and need not have any relation to the strength of the acid 
added’ (Brénsted and Kilpatrics, loc. cit.). In fact this is what we 
also have expressed in our preliminary notes when we have stated 
that potassium iodide is greater in reactivity than potassium bromide 
which again is greater in reactivity than potassium chloride with 
regard to these oxides. 

Whether the interaction of acids leading to the addition to the 
oxides is fundamentally different from the action of their respective 
salts, is however not yet clear, because the mechanisms in the two 
reactions may not be the same. Thus, according to Bronsted, the 
addition of the acid through the salt and the addition of acid per se 
are represented by the two ionic equations : 


cH, CH,Cl 
l 0+ Cl-+H,0—> | +OH- = (AI) 
CH, CH,OH 
CH, CH, Cl 
l 0+ CI-+H,0'—> | +H,0. (IV) 
CH, CH,0H 


This would evidently, so far as the velocity is concerned, involve 
according to reaction ILI, the individual characteristic of the anion, 
whereas in equation IV, the strength of the H-ion plays the important 
part. Hence, considered separately, the nature of the salt effect 
and the acid effect may not be the same. In fact, according to 
Brénsted although the strongest of all electrically neutral acids 
viz., perchloric acid, does not react with ethylene oxides in 
the same way as do the hydro-halogen acids, yet in this group 
the addition velocity increases with the strength. In the following 
work, it is the salt effect of the ammonium halides that has 
been principally investigated. First, because the indicator method 
of titrating at a constant pH could only be correct for very low 
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concentrations of salts (in our case moderate to high concentrations 
have been used), and secondly, because whilst halogen salts of 
strong bases like potassium and sodium would give rise to strong 
bases capable of initiating the reverse reaction of reconverting the 
hydrins into oxides, ammonia is powerless to do so. In short, 
stating in Bronsted’s terms, our investigations have been restricted 
to reaction III, with this distinction, however, that it is the three 
ammonium halides that have been investigated as regards their 
reactivity with these oxides. The usual method of following the salt 
effect in our case has been the estimation of ammonia generated with 
the lapse of time, the indicator used being at first methyl 
orange but later Wisslow’s indicator (mixture of methyl red and 
methyl blue) and N/100-sulphuric acid. 

It should be noted here that at such high concentrations of salts 
e.g.,0°4 mol per litre, the phenomenon of spontaneous glycolisation 
and that of its acceleration by H ion catalysis, though measurable, 
are not of much consequence, as approximately 90% conversion of 
the oxide into chlorhydrins, has been reached within a comparatively 
short period. Ammonia is the measure of the chlorhydrin produced 
and not of the glycolisation. 

In conformity with the original object of this investigation, the 
action of yeast on these oxides in a fermenting sugar solution was also 
investigated, with the result that the presence of reaction II (loc. cit.) 


H;0* CH, = OH 


CH, 
l 0+H,0 —> | (II) 
CH, CH,-0H 


i.e., glycolisation was confirmed, yeast being a hydrolytic enzyme. 
Thus, cyclohexene oxide when allowed to be in contact with a 
fermenting sugar solution gave cyclohexane-diol in practically 
quantitative yield, whilst the same with water gave the diol only at 
elevated temperatures, but that also in small quantities, indicating 
the comparatively small influence of reaction II in our experiments. 

In order to ascertain whether the interaction of epichlorhydrin 
with ammonium halides is essentially different from the interaction 
of halogen acids with epichlorhydrin, experiments were performed 
with various strengths of hydrochloric acid, but in all cases the re- 
action was incomparably faster than the interaction of the 
ammonium halide. Thus 0°04M epichlorhydrin reacted with 
12M ammouium chloride to the extent of 85% in 5 hours 
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whereas hydrochloric acid of similar strength (1°08M) reacted 
practically to completion in 5 minutes. A distinction however is 
noticed in the interaction of halogen acids (HCI investigated) with 
epichlorhydrin, where, with increased concentrations of acid, two 
molecules of HC! interact in the following way : 


CH,C! CH,Cl CH.Cl 
| + HCl 
CH +Hcl——y» CHOH —~> CHCl 


|_ >o | 
CH¢ CH,Cl CH,Cl 


The addition of hydrochloric acid of different strengths on epichlor- 
hydrin, was investigated quantitatively, not conductometrically but 
volumetrically in the following way: A solution of the oxide was 
mixed rapidly with a hydrochloric acid solution of known volume and 
known strength. After every 5 minutes or 4 hour as the case may 
be, a known volume was pipetted off and treated with a weighed quanti- 
ty of pure precipitated calcium carbonate of which the strength was 
previously ascertained from the stock bott'e, After neutralisation of 
the remaining acid, the residual calcium carbonate was washed on a 
filter paper thoroughly, dissolved in a known amount of hydrochloric acid 
of known strength and the excess determined as usual. The difference 
between the acid equivalent of the total amount of carbonate taken 
and this later, gave the amount of hydrochloric acid in excess not 
added on to the oxide during the period considered. With & little 
practice, several experiments could be conducted in course of the 
working hours. This method has a decided advantage over Smith’s 
method of estimating chlorhydrins (by heating with alkali and 
then titrating the ionically obtained chlorine with silver nitrate) for 
reason of its very simplicity ; besides, treatment with alkali for 
several hours in a sealed flask at 70° is also obviated (Smith, Wode, 
Widhe, Z. Phys Chem., 1927, 180, 154). 


Addition of Hydrochloric Acid to Epichlorhydrin. 


To 250 c.c. water 12°15 c.c. of HCl (d 1‘19) were added. To 
125 c.c. of this solution, an alcoholic solution of 0°4625 g. of epichlor- 
hydrin was added and the whole kept at 36°. At intervals of 5 minutes 
the concentration of the acid was determined in the following way 
by withdrawing 10 c.c. portions of the reaction mixture. 
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To 10 c.c. of the reaction mixture, 0°5 g. of CaCO, (the acid 
equivalent of which was previously determined) was added, the excess 
of the carbonate was then filtered off, washed thoroughly on the filter 
paper, and dissolved in a known excess of HC! of known strength, 
and the excess acid determined against N-Na,CO, solution. 

Volumetrically it was found previously that 10 c.c. of the acid 
solution contained 0°208 g. of HCl, (molarity of the acid=0°57) 
Og. of CaCO, = 9°875 c.c. of N-HCl 


After 5 minutes: 


Residual CaCO,+ 5c.c. of 2N-HCl solution = 61 c.c of 
N-Na,CO, ; 5c.c. of 2N-HCl = 10°8 c.c. of N-NagCO, solution. 

*. Residual CaCO, = 10°8—6°1 = 4°7 c.c. of N-HC! solution. 

.. CavWO, used up by the acid present in 10 c.c. of the reaction 

mixture in 5 min. =9°875—4°7 = 5°175 c.c. of N-HCl =0°1889 g. 
of HCl. 

Acid originally present in 10 c.c. = 0°208 g. 

.. Acid used upin 5 minutes by the epichlorhydrin present in 
10 c.c. of the reaction mixture =0°208 —0°1889=0°0191 g. 


Molarity of the acid used up=0°052, molarity of epichlorhy- 
drin=0°04. 
*. 1 Mol. of epichlorhydrin combines with 1°3 mol. of acid. 


After 10 minutes: 


Residual CaCo,;+5 c.c. of 2N-HCl solution = 6°1 c.c. of 
N-Na,COy solution i.e., no change from the first reading. 


After 15 minutes : 


No change from the first reading. 


Results of similar experiments with different concentrations of 
hydrochloric acid are given in the following table. The concentra- 
tion of epichlorhydrin was 0°04M in each case. 


TABLE [. 
No. of mcls of HCl 


Conc. HCl. G. mols. of HCl used up. combining with 1 mol. 
of epichlorhydrin. 


0°57 M 0°052 13 
1°08 M 0°08 20 
151M 0°075 1°875 
01 M 0°0135 0°335 


13 





S. L. BANERJEE AND H. K. SEN 


Calculation of Velocity Constants. 


As the temperature coefficients of these reactions were very large, 
care was taken to ensure the maintenance of the temperature of the 
thermostat within 0°005° and 0°01°. This was accomplished by 
electrical relays, and with a little care, it was found quite simple to 
secure such constancy for hours together without much attention. 
This was all the more necessary in order to exclude the difference in 
the values of velocity constants in the same set of experiments as 
arising from temperature variations. It must be stated in the very 
beginning that the calculation of the velocity constants presented 
serious difficulties, as these constants, whichever equation was taken 
as the basis for calculation, were not satisfactorily concordant. To 
take as an example, the velocity constants of the interaction between 
epichlorhydrin and ammonium chloride in molar, concentrations of 
0°04 and 0°4 respectively when calculated according to mono- 
molecular, a pseudo-monomolecular and a biomolecular equation, 
gave the followlng results. 


TaBLe IT. 


. _ N/100- - oe § - ~ 1. eg “O= 
an eee .. °F Mens. Beg aeons. Ea So) 
used up. - i 


A ss c D 





1 hr. 2°915 
2 4°890 0°0030 
8 7019 

4 8°817 0°0034 
5 10°709 0°0034 


24 15°797 


In B, C, and D, a stands for the molar concentration of the 
epichlorhydrin, and in A, a stands for the molar concentration 
corresponding to the total quantity of the epichlorhydrin actually 
used up at equilibrium, that is to say. if 0°04 molecule of epichlor- 
hydrin is equivalent to x c.c. of N/100-H,80,, and if at the end 
of the reaction, the total quantity of epichlorhydrin used up corres- 
ponds to y c.c. of sulphuric acid, under the column A, instead of 
using zc.c, asthe active mass,‘y’the maximum titration value 
at equilibrium has been used. The use of this value of a has given 
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the most concordant values of velocity constants, calculated as a 
pure monomolecular reaction, which however is irreconcilable in 
view of the fact that the velocity constants vary with the concentra- 
tion. and hence the reaction could by no means be considered a 
monomolecular one, but at best could be regarded as pseudo- 
monomolecular. The means of very closely agreeing constants are 
given in Table IV. There are, however, reasons to favour the adop- 
tion of the maximum titration figure as being the value of the initial 
active mass, so far as this particular reaction is concerned, Firstly, a 
sort of hydration of the oxide may remove a part of the epichlorhydrin 
from the sphere of direct reaction with the ammonium salts; 
secondly, other influences leading to hydration as indicated by reac- 
tion II, may be simultaneously acting, and asthe rapidity of such 
hydroxylation in the presence of H ion is great, the active mass of 
epichlorhydrin actually available for reaction III, is naturally smaller 
than the initial molar quantity. One notices, however, that all 
these equations give a certain amount of agreement pointing to the 
bimolecular nature of the reaction involved, the variations being 
explained by the side reactions coming into force amongst which the 
salt effect is the most important. 

One can view the whole scheme of reaction from a different point 
without materially affecting the explanation adduced above. This is 
based upon the hydrolysis of the ammonium salts in aqueous solution. 
The minute quantity of halogen acid which is generated thereby, is 
taken up by the oxide leading to further hydrolysis of the ammonium 
halide. In this way the concentration of free ammonia increases in 
the solution depending obviously on the velocity of ammonia libera- 
tion and the velocity of the halogen acid addition to the oxide itself. 
This explains the quicker evolution of ammonia with ammonium 
bromide and quickest in the case of ammonium iodide. Now, with 
the increase of ammonium ion in the solution, the hydrolysis of the 
ammonium halides will naturally be arrested after a time and 
probably this marks off the stage of equilibrium and maximum 
titration. With practically no hydrochloric acid in the solution, the 
conversion of ammonium cbloride into ammonia may be regarded as 
a process of hydrolysis in the presence of a large excess of solvent, 
water. This way of regarding the scheme of reaction just lends a 
sort of support to the monomolecular values. 

But a most generallised way of looking at the mechanism of 
the reaction would be not to regard it as arising out of the hydrolysis 
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of ammonium salts but of the H-ion condition of the solution. 
Thus a solution of potassium chloride which has an initial py 6°4, 
on treatment with epichlorhydrin, within a few minutes showed 
& pu value, 9. In fact, if the px value be not allowed to reach the 
equilibrium value 9, by slowly neutralising the alkali as fast as it 
is formed, practically the whole of the potassium chloride could be 
decomposed corresponding to the epichlorhydrin present,and constants 
agreeing with the true bimolecular equation are obtained (cf. 
Bronsted, loc. cit.). In our titrations, no attempt was made in the 
beginning to keep the H-ion concentration constant, and hence no 
really concordant values for the constants fitting with the bimolecular 
equation could be obtained. The only constancy noticed under our 
experimental conditions was obtained by substituting our results 
to the following equation, 


where £=equilibrium concentration of alkali; £-z=the difference 


between equilibrium concentration and observed concentration of the 
alkali. 

This feature of the reaction has been observed throughout the 
whole series of experiments (Table III) although no attention was paid 
to the maintenance of a constant px value of the reacting medium, 
the observance of which gave Brénsted and Kilpatricks true 
bimolecular constants. It should be noted, however, that these 
investigators were working at considerably lower dilutions than in 
our case. Keeping a constant H-ion concentration in the ammonium 
halide solutions (these were not investigated by Brénsted), we 
obtained good bimolecular constants (Tables VI—IX). This would 
show that whatever may be the salt taken, a true bimolecular 
reaction takes place only when the pu value of the particular react- 
ing solution is kept constant. This is not antagonistic to the fact 
that different anions have different tendencies of addition on epi. 
chlorhydrin. 

From a perusal of the values of the constants obtained below by 
using the maximum titration at equilibrium as the active mass of 
epichlorhydrin with varying molecular concentrations of ammonium 
halides, it is noticed that over a range of 2—5 (mol. conc. of 
ammonium halide, when the oxide is one) in the case of ammonium 
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chloride and bromide (Table IV), there is practically no change in the 
velocity constant. Inthe case of ammonium iodide, however, the 
change in the value of velocity constants is noticeable for every 
change in its concentration. With higher concentrations of any of 
these smmonium halides, there is a steady rise and there is 
irregularity in the value of the constants. But the velocity is 
considerably increased with the rise in the concentration (Table V). 
There is thus a positive salt effect. Constant pa values were main- 
tained by following Brénsted’s experimental method (loc. cit. 
p. 441). 


TABLE III. 


Epichlorbydrin : NH,Cl=1 mol :1 mol.= ‘04 mol. : *04 Mol. 
N/100-H 80, Value of ‘K’ with ‘a’ as 
Time. used up. maximom titration 
value at equilibrium. 
hr. 0°409 c. c. 0°000656 
0°727 0°000669 
0999 0000682 


1°365 0°000658 
1°59 0°00072 
24 3°395 


1 

2 

3 

4 1182 0°C00655 
5 

6 


TaBe IV. 


Cone. epichlorhydrin=0°04M Temp. = 35°. 


Cone. NH,Cl ese 0°08M 0°12M 016M 
K eee ab 0°00295 0°0029 0°00284 
C one. NH,Br ove 004M 0°08M 0.12M 0°16M 
E ee 0°0227 =: 00213 0°024 0°025 
Cone. NH,I eee - 0-08M 0°12M 0°16M 
K ove ove 0°0442 0°0467 0°0496 


TaBLe V. 


Cone. NH,Cl a 0°4M 0°8M 
K wee) See 0°0038 0°00492 
Conc. NH,Br _s.. 0°4M _ 
K oe 0°0174 
Cone. NH,I on 0°4M 
K ~ ow 0°0657 
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Taste VI. TaBLe VII, 


Epichlorbydrin: AmCl=0°04 mol =0°04 |Epichlorhydrin :AmBr=0°04 mol :00°4 mol. 
mol. Temp. 30°. pr =4°6. 


1 r Time in 1 
N/20- Per- K= T"ab-al mins. N/10-Perr- K=—— 
chloric acid ¢ chlorie acid t 
taken up. used up. 


0°091 c.c. 0°000355 0°28 0°00159 

0°118 0000271 9°418 0°05174 
0 000235 0°476 0°00135 
0:000232 0°544 0°00130 
0°000227 0°640 0°00129 
0°000220 0°750 0°00126 
0°000230 0°812 0°00127 
0°000227 0°880 0°00122 
0°000223 1°037 000127 
0°000223 1112 0°00126 
0°000231 1°170 0°00122 
0°000225 1°205 0 00125 
0°000220 1°352 0:00121 
0.000229 ph ne Bit oerel 


— 
a(a—z) 


| SUASSASSSBBRso 





TaseE VIII. TaBLe IX. 


Epichlorhy driv :AmBr=0'04 mol :0°16 mol. Epichlorhydrin :AmC1=0"01 : 0°8 mol. 
Temp. 31° p# =3°6. 


Time in N/10-Per- N/4 Per- 1 

mins. chloric acid K= ——o x chloric acid K=,——~— x 
used up. t(a—b) ened @. t (a—b) 

b(a—z) log?(4—-2) 


108 c(6—2) a(b—2) 


on 
aS 
s 
a 


0°00127 0°000367 
0°00132 0°000374 
0°00128 0°000363 
0°00130 0*009369 
000134 0°000371 
0 00133 0°000365 
0°00135 0°000366 
0°00134 0°000360 
0°00137 
0°00133 
0°00132 
0°00138 
0°00134 
0°00134 


wroh ho 
Sse 


383 


gageas8ee 
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Reviews. 


New conceptions in Biochemistry—By Prof. N. R. Dhar. 
Published by the Indian Drug House, Allahabad, India, 1932. 


In the preface, the author states ‘‘The dominant idea in the book 
is that several diseases are due to lack of a proper and balanced 
oxidation of the three classes of food materials, the carbohydrates, 
fats, and proteins. The exaggerated oxidation of one of the three 
classes of food material in preference to the other two may lead to 
the incidence of several diseases. The author has ventured to include 
in the list of metabolism diseases even such ailments as _ rickets, 
pillagra, beri-beri, scurvy, special cases of diarrhoea, and cancer.”’ 
This is a very interesting hypothesis and the author has been able to 
produce a considerable amount of evidence which is in qualitative 
agreement with his views. The author has also incorporated in the 
book a large amount of experimental material obtained in his labora- 
tory on the oxidation of various kinds of food materials in vitro 
in presence of catalysts and sunlight. It is rather risky to push too 
far the analogy of chemical processes which take place in vitro into 
the domain of metabolic processes in living beings, but there is no 
doubt that such experimental results may give valuable indications 
of the nature of many mysterious life processes. The book is a very 
suggestive one and research workers engaged in acquiring new 
knowledge in this field, would find it well worth careful perusal. 


J. C. G. 














Studies in Fluorenone. Part II. 


By Anuxut CHANDRA SrircAaR AND KsaHitisH CHANDRA 
BHATTACHARYYA. 


In the first paper in this series published under the caption 
‘* Attempts to prepare dyes from fluorenone ”’ (J. Indian Chem. Soc., 
1931, 8, 637), anumber of fluorenone-2-azomethine, fluorenone-azo, 
and fluorenonylamide derivatives were described. 

The present paper deals mainly with the preparation of bisazo- 
compounds obtained by diazotising 2:7-diaminofluorenone and coupl- 
ing the diazo-salt with various phenols and amines, e. g., phenol, 
resorcinol, salicylic acid, #-naphthol, 2-hydroxy-3-naphthoic acid, 
1-naphthylamine-4-sulphonic acid, 1-naphthol-4-sulphonic acid, R- 
acid (2-naphthol-3:6-disulphonic acid), G-acid (2-naphthol-6 :8-di- 
sulphonic acid), Cleve’s acid (1-naphthylamine-6-sulphonic acid), Lau- 
rent’s acid (1l-naphthylamine-5-sulphonic acid), H-acid (1-hydroxy- 
8-aminonaphthalene-3 :6-disulphonic acid), Schaffer’s acid (2-naph- 
thol-6-sulphonic acid),y-acid (2-amino-8-naphthol-6-sulphonie acid), 
Chromotropic acid (1:8-dihydroxynaphthalene-3 :6-disulphonic acid) 
and dimethylaniline. 

Of the bisazo derivatives mentioned above, those with phenol, 
salicylic acid, 2-hydroxy-3-naphthoic acid and dimethylaniline form 
well defined crystals. The rest were obtained as amorphous or mi- 
crocrystalline powder. The bisazo dyes are substantive to cotton 
but a few of them are not absorbed by cotton satisfactorily and even 
when absorbed the shades are not full, They also dye wool evenly 
from one per cent, sulphuric acid bath but shades on wool are invari- 
ably somewhat lighter than their shades on cotton. 

Chanussot (Anal. Assoc, Quim. Argentina, 1927, 15, 5) obtained 
2-iodofluorenone (m. p. 143-44°) by the oxidation of 2-iodofluorene. 

2-Iodofluorenone has now been prepared from 2-aminofluorenone 
via diazo-reaction. 

All attempts to obtain 2:2/-difluorenony! by the action of copper 
powder (Natur Kupfer C) on 2-iodofluorenone in nitrobenzene or 
in a sealed tube at temperatures varying from 150° to 350° were 
unsuccessful. Similar failure to obtain 2:2’-difluorenyl from 2-iodo- 
fluorene has been recorded by Korezynski, Karlowaska and 
Kierzek (Bull. Soc. chim., 1927, 41, 65). 
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EXPERIMENTAL. 


2-Iodofluorenone.—2-Aminofluorenone was diazotised (Diels, 
Ber., 1901, 84, 1764) and to this cold diazo solution an excess of 
potassium iodide solution gradually added with ccntinuous stirring. 
The mixture was then allowed to remain at the ordinary temperature 
for about 1 hour and then cautiously warmed until there was 
no more evolution of nitrogen. The excess of iodine was now 
removed by sodium thiosulphate and the mixture allowed to stand 
overnight in a freezing mixture. Next day the separated solid was 
filtered and repeatedly washed with water. The residue was purified 
by crystallisation from dilute alcohol. This operation was repeated 
thrice when finally the iodo compound was obtained as yellow needles, 
m. p. 144°, (Found: I, 41:8. C,,H-,OI requires I, 41°5 per cent.). 

Preparation of the fluorenone-2:7-bisazo derivatives.—2:7-Dia- 
minofluorenone (Schmidt, Retzlaff and Haid, Annalen, 1912, 390, 
210) was converted into the hydrochloride by warming with excess 
of concentrated hydrochloric acid. The clear solution was diluted and 
cooled to about 0°. The amine was tetrazotised in the usual way 
with the calculated quantity of sodium nitrite. After the diazotisa- 
tion was complete the solution was quite clear and gave a slight 
reaction with iodised starch paper. The phenolic or basic constituents 
were then coupled with the tetrazo-salt in the usual way 
as with the tetrazo-salt of benzidine. The completion of 
coupling required from 24 to 41 hours, during which time the 
mixture was stirred at intervals. The dye stuff was then precipitated 
by the addition of acid or alkali, washed and purified. None of them 
melts below 290°. They give characteristic colour reactions with 
concentrated sulphuric acid, from which water precipitates them 
unchanged. __ 

The bisazo derivatives obtained are described in the following 
tables. 





“1978 OT OTqnjosat 
(pe pus joqooye 404 Ut e[qnjos 
-qiosqean A]jRo AjZotseds ‘euezueq yoy ut 
qayora -1y081d) — 4afOra eiqnios A]oye1epom ‘ yepmod joysqdeu-g 
qq8ry jO sopeys 4q Sry yejora doeq 9 euryyeysh10 umoiq deag jouyqdeu-g+q -~81q-0ZB8IG-)? BT 


*1938M IO emeZUEq 

‘joyooye ur efqnyos AjSuraeds 

morjok ‘plow o1je08 JOY Ur 9]qnjoOs 

-ystumolg gopora Ss Ajayezepour =f poe 6 o14e08 prow o1pAorypes 
qyarry Moles CFueIQ «©=-ssTpper deeq] wioly se_peed uMmoIq dee pldv o1jAo1es+q -B81q-0Z881q-)? ZT 


*euezueq Ul 

etqujos £[Zar1eds ‘joqooye 10 

19je8a JOY UI eqnjos jez" 
uMOIq YSIp -J9poul § ;oyooye woIy 1epmod jouro10se1 
pel 4qBiy uUMolq YsIppery qojora deagr euryyeysAro010IM! «= UMOIG yIeG jouloIosel+ (Ts -BIG-OZBSIq-)? Z-7 


*9U0}e08 JO eUeZUAq 4OY 
ur eyqnjos AyZarreds ‘10304 
10 Oyoo[® 404 af 92qQnIOS 
soped qojora «= AJoyBIopom = Oqooje® =. jog joueyd 
‘ord $8.81 99-8T -ystumoig Moyes aFue1Q «-ysipper deeqy wo1y se[peeu umoiq doeg jousyd + q -BIq-OZU8Iq-2? Z-vT 


2 
A 
° 
A 
= 
= 
io) 
Pp 
=) 
I 
a 
_ 
mM 
ica 
= 
i 
Db 
e 
n 


‘tog*H “ou0o “uoryes 
‘oT®#O *punog *}oom uO 004409 uO YI INO}OD *serstIqnjos pue souvsveddy -edead jo poqyey, “OUIBN 
*(N) stsdpeay Sare<p jo sopeyg 
‘(guUOMsIONPoulUlVIp-y : Z WoT} 4[Bs-OzZvIZO], = ‘euoUeION] | = 7) 


*s0anvauag OzD81Q-): Z-aUu0UrLON) Y 





BHATTACHARYYA 


C. 


< 
= 
A 
< 
a 
< 
o 
= 
— 
7) 


A. C. 


524 


€¢.21 


‘ord 08-6 


“18D 
*(N) sis4jeay 


*panoy 


umoiq 
“49]01A 


per-yajora 


94 3ry 


umMoiq 
“J9TOLA 


*joom uo 


(peareyqo 
you sopeys 
11j) = gayora 
jo sepeqs 3430] 

(peares 
-qo jou sepegqs 
1m) gayora 
jo sopegs 4q3Iry 


uolydiosqe ON 


peqiosqeun 
Ajjworovig 


*009900 0 


Satefp jo sepegg 


q9]Ora_YsTD, 


eniq daeq 


qojora Ysinig 


‘tog*H ‘ou00 
Yea INO}OH 


*yoqooye 
Ur eqnjos AjZurmeds pue 
proe o1jeoe JO 19} 4Oq UI 
efqnjos Ajajyerepom { proe 
omece aiozy iepmod eat; 
-[8qSK1OOIOIMA §49JOIA_ YSIPpey proe-3y + 
*JOqooTe 10 euezmaq 
‘19784 4Oq at efqnjos Ajoqe 
-1epom { oyooye yoy mor proe otaoydjns 
Jopaod umoiq ystppor deeqy -p-joqyqdea-T 4 q 


*10}8M IO oMOJIO" ‘;OOOTe proe 
yoy ut afqnjos Ajeyezepoum oruoqdyns-F-ourme 
$Joyooy® yoy mor sopmod poy = -]Aqgqdvu-T + q 


*19yem 
IO «=ploe = Olga08 = ‘;oYyooT" 
qoy ut efqnyjos fjoye1epoul 
$ [oqooye mozy = sv98410 pioe 
IVNZuVzool yojora ystuMorg 


oroq}qdeu 
-¢-£xo1phyq-% + 


*aoryer 


“serqtiqnjos pave eouviveddy  -edeid jo poqyeyy 


‘s9anvaAUad O2D819-),: Z-auoUaLON) 


proe ordoqdyjnsip 
“9: g-joqsqdeu-z 
-BIq-0ZB81q-L: BT 


prow oruoqd 
-[Qs-p-joq3qdeu 
“[-81q-0z881q-2? GT 


ploe oraoqdyns-F 
-eutme] Aq3qdeq-| 
“S1q-O2ZB8I4-L? B-T 


prow oroq3qdeu 
-g-fxorphy-g 
“81q-02881q-2? G- 


“ome NT 





I 
Z 
S} 
Zz 
{| 
r=] 
re) 
=) 
i. 
& 
Zz 
Lal 
n 
=| 
a 
~ 
= 
m2 


6L.81 


&8.9 


“18D 


L8.81 


LO-L 


“punog 


*(N) ste4jeay 


uMoiq 
“Gstppery 


efuei0 
~QStppery 


*joom uo 


enjq deaq 


WMOIG-9O[OLA 


(peuteyqo 
jou sepeys 
Try) waAoiq 
qaqa, ATA 


(peare;qo 
you sepeqs 
11"j) wasrorq 
-qstpper 9q3rry 


*U0}400 00 


Surfep jo sepegg 


en[q deeq 


per deeq 


tog %y *ou00 
Gye snoop 


“9003008 10 ouezueq 404 Ur 
eqqnyjos AjZurreds ‘10384 404 
Ur efqnjos Ajeyezepom ‘ 19p 
-aod snogdioure umoiq dee 


“10984 904 Ur 
aiqnjos AjZarzeds pue 9004 
-208 JO jOYOO[e 404 Ur e[qny 
-os Ajoyelapour { joqooy® 4oq 
mo1y sepmod umoiq doeq 


“108M JO JOYOOe Ur e;qnjos 
A[SZarzeds ‘prow o1jeoe at eq 
“nyjos Ajoye19poul : plow 914008 
m0ay aepmod umoiq deeq 


*oqoor® ur 
eiqnjos AjZutzeds pue prove 
o19e08 10 1098M ar efqnjos Ay 
-OJB1OpPOUI { ploe OLye0e UW IIJ 
Jepmod = 4ejolA = qs Mog 


‘seTq]Iqnjos pus couvzveddy 


"3901)DAUL9G 02 D8IQ-): Z-aUu0uUeINO) y 


pree-H +d 


pre 
8,UaINery + 


Poe 8.04910 + 7 


pree-H+d 


“uorzered 
-eid Jo poqyeyy 


proe ormoqd 
-[Q8Ip-9: g-oue 
-[8q34deuourue 
-g-Ax0rp4q-T 


81q-028819-2: GJ 


proe oraoyd 
-[08-G-outme 
-|4q3qdeu-T 


“S1q-O20819-L: G-A 


proe o1rmoyqd 
-[08-g-ourme- 
-|Aqqqdeu-y- 


-81q-O2881Q-L: 3-1 


prow oraoqdynsrp 
“8 9-loqiqden-z 


“B1Q-OZBSIG-)? B~, 


*OUB Ny 





=< 
ee) 
el 
ion) 
< 
= 
o 
Ds 
ot 
: 
=) 
5 
“td 
a 
a 
< 
= 
<a 
z 
mM 


Cc. 


A. 


526 


"ZEBT ‘6T 49quazdag paaaoay 


umolg uondiosqe on 


enq deag 


yofora ysrarg 


umolq 


“YSIPPAT —-«-UMOIQ-F9JOI A 


“98D *punog *Joom uo *u0}}09 uO 


*(N) sts4yeuy SuareXp jo sepegg 


umoiq dsag 


oni 4st 
-ueas deag 


goviq-ontg 


ON[q-2]OLA 


og*H ‘ou0o 
qs s0010 


"048M JO 9U04008 Ul 
eiqnjos 9 A;8urzeds puv prov 
oHopqoorpégG =eyNiIp 10 prow 
o1jeoe ‘jomooye 40q ur eqn 
-j08 Ajoyerepom {prow o1e08 
mo1y + se[pseu umoiq doeg 


*JOqooT* ar 
eiqnjos AjZurseds pue proe 
o13908 JO 9103008 ‘10384 40q 
ur efqnjos Ajezezepou ‘sep 
-mod snoqdiome 4o01a ysinig 


*9U0}908 JO JOYOO 
“18 Ut ofqnjos AjSarzeds pus 
prow 1008 JO Jeq8M UT eq 
-njos Ajeyerepom { pio’ o1e08 
wo1y iepaod umoiq deog 


“9004 
-908 ut ejqnyos Aj Butaeds puv 
euezueq JO JOyOoTe ‘19984 404 
ur efqnjos Ajeye81epour ‘ joqoo 
-J® 9Oq wo1y Jeapmod 40/01,’ 


“serjtiiqn[os pus soueiseddy 


"89012DQ19Q] OZD81G-),: Z-2UOUIION) J 


*VLLAOIVO 
‘ADaTION AONAGISANg 
‘AHOLVHORV'T ‘IVOINAH,() 


euljiue 


“eut[tae{qyomi tp 
-Aqnoutp + q 


SIQ-OZB8Iq-2: OT 


pre 

oraogd) ustp 

-9: g-euc;eq34qdea 

-Sxorpfqtp-g: 1 
-81q-OZ88I14-L? B-T 


proe ord 
-0130MI0149 + 


proe 
oraoqdyns-g-[0q3 
-ipleu-g-ourme-z 


PIOW-L+Q —--81Q-OZBETG-2 Z-T 


ptoe ormoqdyns 
proe -g-1oq;qdeu-z 
* 8 dogeqog +d S1q-OZBBIq-2? S-T 


“uoryeredeid 
jo poqweW 





Studies in Heterocyclic Compounds. Part II. 


By Anukut CHANDRA Sircar AND INDU BuusaNn PAu. 


In the first communication in this series (J, Indian Chem. Soc., 
1925, 2, 312) Sircar and De studied the properties of the dihetero- 
cyclic compounds obtained from 2:3-diaminophenazine (Ullmann 
and Mauthner, Ber., 1902, 36, 4302). In all the compounds described 
the two dissimilar heterocyclic nuclei were separated by a benzene 
ring, ¢.g., 4:5-phenazino-2-phenyliminazole. 


The present investigation is a continuation of the work of Sircar 
and De (loc. cit.) and was undertaken with the object of studying 
how in compounds containing two dissimilar adjacent heterocyclic 
rings in their molecules, the properties of the different heterocyclic 
nuclei are affected by one another and how the properties of such 
compounds differ from those of the corresponding compounds in 
which the two heterocyclic rings are separated by a benzene ring. 

«8-Diaminoquinoxaline (Bladin, Ber., 1885, 18, 72), which already 
contains an azine ring was chosen as the starting material. The idea 
was to prepare diheterocyclic compounds through the two ortho- 
amino groups and to study the properties of the resulting bodies in 
the manner indicated before. 

With this object «8-diaminoquinoxaline has been condensed with 
phthalic, naphthalic, camphoric and diphenic anhydrides and the 
o-benzoylene-, o-naphthoylene-, o-camphoroylene-, o-diphenoylene-af- 
quinoxalinoiminazoles are obtained. 

The quinoxaline has also been condensed in the presence of a 
solvent with a number of aldehydes and the following iminazoles have 
been prepared : 4:5-quinoxalino-2-phenyliminazole, 4/-methyl-, 
4/-nitro-, 2/-hydroxy-, 3/-nitro-, 2/: 4/-dihydroxy-, 4/-methoxy,- 
-4!-dimethylamino-4 :5-quinoxalino-2-phenyliminazoles, and 4:5- 
quinoxalino-2-furfuryliminazole. 
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If the condensations are carried out in the absence of any solvent 
iminazoles of the above type are not formed, but N-substituted 
iminazoles (cf. Ladenburg, Ber., 1878, 11, 590, 1648; Hinsberg, 
1886, 19, 2025 ; 1887, 20, 1585) are obtained by the condensation of 
one molecule of the diamine with two molecules of the aldehyde 
with the liberation of two molecules of water. 

The following have been prepared in that way: 4:5-quinoxalino- 
1-benzyl-2-phenyliminazole, 4 :5-quinoxalino-1-o-hydroxybenzyl-2-0- 
hydroxyphenyliminazole, and 4:5-quinoxalino-1-p-methoxybenzyl- 
2-p-methoxyphenyliminazole. 

From the study of the properties of the complex heterocyclic 
compounds described it is found that in them, in most cases, the pro- 
perties of the corresponding simpler heterocyclic bodies are to some 
extent modified. For example, the complex iminazoles are much 
less soluble in the commoner organic solvents than the corresponding 
simpler iminazoles, obtained from o-phenylenediamine. Again 
from a comparison of the properties of the heterocyclic compounds 
in which the two hetero-rings are adjacent to one another with those 
of the corresponding compounds obtained from 2 :8-diaminophenazine 


(Sircar and De, loc. cit.), in which the two hetero-rings are separated 
by a benzene nucleus, it is found that in some of the properties there 
is a marked difference between the compounds of the two series, e¢.g., 
the colours of the compounds of the former type are invariably 


lighter than those of the compounds of the latter type. A compara- 


tive statement of the colours of compounds of the two types is given 
below. 


Names of the compounds. Colour. 


Very light yellow 


o- mere 
Bright yellow 


2 :3-phenazinoiminazole 


Yellow 


PS 
Bright yellow 


2:3-phenazino- ,, 


Light dirty yellow 


mee hn - 
Yellow 


” ” 2:8-phenazino- ,, 
Yellow 


4: §-Phenazino- Shining brown red 


Yellowish white 


3’-Nitro-4 : 5-quinoxalino-2-phenyliminazole 
Orange yellow 


» 4: 5-phenazino- - 


Light orange yellow 


vases Yo 5-quinoxalino- ” 
Orange yellow 


4 ; 5-phenazino- ” 


£ 
{", 
f 
t 
{ 4 : 6-Quinoxalino-2-phenyliminazole 
{ 
{ 
{ 


COS s 5-quinoxalino-,, 
4:;5-phenazino- ,, 


Brownish yellow 
Chocolate red 
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EXPERIMENTAL. 


aB-Diaminoquinozaline. 


oe yc 


It was obtained in the purest form and best yield by adopting 
the following procedure: To a solution of o-phenylenediamine (10 g.) 
in methyl! alcohol (30 c.c.), cyanogen gas, generated by the addition 
of a concentrated solution of potassium cyanide to a copper sulphate 
solution and heating, was passed until the deposition of a yellow 
precipitate of the  diaminoquinoxaline was complete. After 
separation of the precipitate the mother liquor was concentrated 
and cyanogen gas was again passed through it when a further yield of 
the yellow precipitate was obtained. The diamine crystallised from 


pyridine in light yellow rhombic plates, not melting below 300° (cf. 
Bladin, loc. cit.), yield 5 g. 


o-Benzoylene-aB-quinozalinoiminazole, 


The fused mass, obtained by heating an intimate mixture of 
a8-diaminoquinoxaline (0°5 g.) and phthalic anhydride (0°5 g.) on the 
oil-bath at 200-20° for 4 hour, was allowed to cool and powdered. It 
crystallised from pyridine, on cautious addition of hot water, as very 
light yellow fibrous needles, m.p. above 800°. It is soluble in 
alcohol, acetone, chloroform, amy! alcohol, pyridine, nitrobenzene or 
acetic acid, but insoluble in ether, benzene, dilute acids, or alkalis. 
It dissolves in strong sulphuric acid giving a red _ coloration. 
(Found: N, 20°47. C,gHgO,gN, requires N, 20°59 per cent.). 

The following three iminazoles were prepared and purified in the 
same way as and possess properties similar to the preceding 
compound. 


2 
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o-Naphthoylene-aB-qninoxalinoiminazole, fine long yellow needles. 
(Found: N, 17°38. Cg 9H, ON, requires N, 17°39 per cent.). 

o-Camphoroylene-af-quinozalinoiminazole, light dirty yellow 
needles, m.p. 280°. (Found: N, 18°59. C,,H,,ON, requires N, 
18°30 per cent.). 

o-Diphenoylene aB-quinozralinoiminazole, brownish yellow minute 
needles. It gives green”yellow fluorescence in chloroform or alcohol 
solution. (Found: N, 16°24. Co.H,,ON, requires N, 16°10 per 


cent.). 
4 :5-Quinozalino-2-phenyliminazole. 


' 
4 


1 
Ny {NE Wy 3 
C 


ay 


| 
\wAK Z 

A mixture of a8-diaminoquinoxaline (0°5 g.), benzaldehyde (1 g.) 
dissolved in a small quantity of pyridine was heated under reflux for 
1 hour. The excess of benzaldehyde was removed by sodium bi- 
sulphite and shaking with water. The separated iminazole 
was washed with dilute hydrochloric acid and water and finally 
crystallised from acetic acid in beautiful small yellow rectangular 
needles, m.p. 290° (with previous shrinking at 275°). It is in- 
soluble in dilute hydrochloric acid in the cold but dissolves slowly 
in the warm acid. It is sparingly soluble in benzene, alcohol or 
acetone, and readily soluble in nitrobenzene, pyridine or acetic acid. 
It gives red coloration with strong sulphuric acid. (Found: N, 
22°37. C,;;H, 9N, requires N, 22°76 per cent.). 

The following iminazoles were prepared, except where otherwise 
mentioned, in the same way as and possess properties, except where 
otherwise stated, similar to the preceding compound. In majority 
of the cases the reaction was complete in 4 hour. When 
equimolecular quantities of the diamine and the aldehyde were 
taken, the subsequent treatment with sodium bisulphite solution was 
not done. The condensation product separated from pyridine solu- 
tion on dilution with water. They do not melt below 300°. 

4!-Methyl-4 :5-quinozalino-2-phenyliminazole, from the diamine 
(0°5 g.) and p-tolylaldehyde (2 g.), separated from acetic acid as light 
brownish yellow pear-shaped needles. It is soluble in alcohol, pyri- 
dine, nitrobenzene, acetic acid, chloroform, or amyl alcohol. (Found : 
N, 21°14, C,gH,9N, requires N, 21°53 per cent.). 
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4/-Nitro-4 :5-quinozalino-2-phenyliminazole, from equimolecular 
proportions of the diamine and p-nitrobenzaldehyde, crystallised 
from dilute alcohol in shining red long rectangular plates. (Found: 
N, 28°73. C,;H,O,N,; requires N, 24°05 per cent.). 

3/-Nitro-4 : 5-quinozxalino-2-phenyliminazole, separated from alcohol 
in yellowish white needles. It dissolves in concentrated sulphuric 
acid with yellow coloration. (Found: N, 24°35. C,;,;H,O2N, requires 
N, 24°05 per cent ). 

2'-Hydroxy-4:5-quinozalino-2-phenyliminazole, from the diamine 
(0°5 g.) and salicylic aldehyde (2 g.), crystallised from acetic acid in 
brown needles. It dissolves in alkali and is also readily soluble in 
nitrobenzene, pyridine, alcohol or acetone. (Found: N, 21°23. 
C,5H; ON, requires N, 21°37 per cent.). 

2’ :4!-Dihydroxy-4 :5-quinoxalino-2-phenyliminazole, obtained by 
the condensation of af-diaminoquinoxaline and resorcylic aldehyde, 
crystallised from acetic acid in yellow needles, It is soluble in alkali. 
It dissolves readily in nitrobenzene or amyl] alcohol, but less readily 
in alcohol or acetone. (Found: N, 19°69. C,;H)9OgN, requires 
N, 20°14 per cent.). 

4!- Methozy-4 : 5-quinozxalino-2-phenyliminazole, from the diamine 
(0° g.) and sanisic aldehyde (2 g.), after being separated from the 
unreacted anisic aldehyde, crystallised from dilute pyridine as light 
orange-yellow hexagonal prisms. It gives violet yellow fluorescence 
when its alcoholic or pyridine solution is diluted with water. It is 
insoluble in chloroform and soluble in nitrobenzene or acetic acid. 
(Found: N, 20°58. C,gH,gON, requires N, 20°29 per cent.). 

4’-Dimethylamino-4 :5-quinozalino-2-phenyliminazole, from di- 
methyl-p-aminobenzaldehyde and the diamine, was obtained as 
brownish yellow rectangular plates. With strong sulphuric acid it 
developes a light yellow colour. (Found : N, 23°97 C,,H,sN; 
requires N, 24°22 per cent.). 

4:5-Quinozralino-2-furfuryliminazole, obtained in the usual way 
from diaminoquinoxaline (0°5 g.) and furfuraldehyde (5 g.), separated 
from acetic acid in light yellow brown rectangular plates. It exhibits 
violet yellow fluorescence when its alcoholic or pyridine solution is 
diluted with water. (Found : N, 23°19. C;,H,ON, requires N, 
23°73 per cent.). 

4:5-Quinozalino-1-benzyl-2-phenyliminazole. 
J N\/N—CHe'CoHs 


y C,H; 
\NZ\N 
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a8-Diaminoquinoxaline (0°5 g.) when heated with benzaldehyde 
(20 c. ¢.) for 1} hour, separated on cooling in brilliant yellow 
long pear-shaped needles, which after being washed with 
ether were sufficiently pure for further analysis, m. p. above 300°. 
It is insoluble in ether or benzene and soluble in pyridine, nitroben- 
zene or amyl alcohol. With strong sulphuric acid it gives a yellow 
coloration. (Found: N, 16°30. Cp,H,,N, requires N, 16°16 per cent.). 

4 :5-Quinozalino-1-o-hydrorybenzyl-2-phenyliminazole, prepared 
in the same way as the preceding compound from the diamine (0°5 g.) 
and salicylic aldehyde (20 c. c.) was obtained as yellow rectangular 
plates, not melting below 300°. It is insoluble in dilute acids or 
chloroform but soluble in alkalis, amyl alcohol, acetone, pyridine, 
nitrobenzene or acetic acid. It dissolves in strong sulphuric acid 
with a red coloration. (Found : N. 15°77. CygH,,0_N, requires N, 
15°32 per cent.). 

4 : 5-Quinozalino-1-p-methoxybenzyl-2-p-methoryphenyliminazole, 
—af-Diaminoquinoxaline (0 g.) and anisic aldehyde (15 c. c.) 
were heated together for 1 hour. The reaction mixture was 
then poured in a concentrated solution of sodium bisulphite. The 


tarry mass obtained solidified on standing. This was filtered, washed 
and finally crystallised from acetic acid in very light brownish 
yellow needles, m. p, 248-45°. Except that it is insoluble in alkalis, 
its other properties are like those of the preceding compound. 
(Found: N, 14°38. Cy,Hg 9OgN,4 requires N, 14°14 per cent.)* 


CHEMICAL LABORATORIES, 


Tue University, Daoca 
AND Received September 19, 1932. 


Presidency COLLEGE, CALCUTTA. 


* The work was finished in 1925. Due to certain unforseen accident the publica- 
tion has been delayed. 





Mercuration of Compounds Containing a Reactive 
Methylene (-CH,) Group by means of Mercuric 
Chloride. Part II. 


By K. G. Nark anno R. P. PAret. 


It is well known that when an aqueous solution of mercuric 
chloride is boiled with sodium bicarbonate, mercuric oxychlorides 
are precipitated (Mellor, ‘‘Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,’’ 1923, Vol. 1V, p. 833; Millon, Ann. chim. 
phys., 1846, wi, 18, 372). These oxychlorides differ in their 
composition according to the experimental conditions and are usually 
expressed as double compounds of mercuric chloride and mercuric 
oxide. But it is possible to conceive that when to a boiling aqueous 
alcoholic solution of mercuric chloride and a reacting organic com- 
pound, a solution of sodium bicarbonate is added, the above double 
compounds of mercury, no sooner are they formed in an incipient 
condition than, would react with the organic compound present. With 
such a possibility, the organic compounds containing a reactive 
methylene group would, under the above conditions, give products 
containing the grouping >C:Hg. Such has actually been found to 
be the case. 

The course of reaction may be expressed as: 


HgCl, + NaHCO,;—>m‘HgCl,‘n*'HgO 


R | R 
n Ye Hg +n‘O ols HgClo—> n Ye:Hg 
R’ R’ 


The following substituted amides of malonic acid and acetoacetic 
acid when mercurated under the above conditions, gave products of 


the general formula: 
CO- 
Hg 0€ 
Oo- 


(1) Malonmonophenylamide, (2) malonmono-0-toluidide, (3) malon- 
mono-p-toluidide, (4) malonmono-m-toluidide, (5) malonmono-a- 
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naphthylamide, (6) malonmono-8-naphthylamide, (7) malonmono- 
1:3:4-xylidide, (8) malonamide, (9) ethyl malonate, (10) ethyl aceto- 
‘acetate, (11) acetoacetanilide, (12) acetoacet-o-toluidide, and (13) 
acetoacet-p-toluidide. 

That the compounds obtained do not contain admixed mercuric 
oxychlorides, is shown by the fact that they come out of the mixture 
as white precipitates which when separated and analysed were found 
* to contain no chlorine; and at no time during the reaction was any 
change of colour observed. Furthermore, the mercury derivatives 
were insoluble in the ordinary solvents, whereas the original amides 
are quite soluble. 

The resultant products decompose on treatment with dilute 
0°25N- hydrochloric acid giving the original amide and mercuric 
chloride. With hydrogen sulphide they react quantitatively giving 
black mercuric sulphide. Potassium iodide decomposes the com- 
pounds forming the original amide and at the same time liberating 
two equivalents of alkali for each molecule of the product. Phenyl- 
hydrazine and hydrazine hydrate decompose the above compounds with 
the separation of metallic mercury. The above reactions clearly indi- 
cate the existence of a weak C—Hg linkage, which is usually found 
in compounds, containing mercury attached to a carbon atom in 
a-position to a carbonyl group. 

From considerations such as, (a) the formation of a mercury 
derivative from ethyl acetoacetate and ethyl malonate, (b) the non- 
rupture of the C—Hg linkage under conditions which involve the 
rupture of N—Hg linkage (Ley and Kissel, Ber., 1899, 32, 1357), 
(c) the behaviour of the resultant compounds in a way similar to 
those having mercury attached to a carbon atom in a- position to 
a carbonyl group (Billman, Ber., 1902, 35, 2582; Schoeller and 
Schrauth, Ber., 1908, 41, 2091; Petterson, J. pr. Chem., 1912, ii, 
86, 498; Schrauth and Bauerschmidt, Ber., 1914, 47, 2740); 
(d) the quantitative decomposition by potassium iodide, and (e) the 
formation of dibromomalonamide, with bromine as advanced in a 
previous communication (Naik and Patel, J. Indian Chem. Soc., 
1932, 9, 185), the above constitution has been assigned to the com- 
pounds described herein. 


EXPERIMENTAL. 


Mercurimalonmonophenylamide, (I).— Malonmonophenylamide 
(1 g.) and mercuric chloride (1°15 g.) were dissolved in alcohol and 
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the solution heated to boiling ina flask. To the hot solution was added 
a solution of sodium bicarbonate (1 g.). The solution became turbid 
as the compound began to separate and there was effervescence due 
to the escape of carbon dioxide. The flask was then heated for 4 
hour to complete the reaction. The precipitate was then filtered 
hot at the pump, washed thoroughly with the alcohol and subsequent- 
ly with distilled water. The product is insoluble in most of the 
ordinary organic solvents. It melts with decomposition at 275-78°. 
(Found: N, 7°25; Hg, 53°29. CjH,O.N,Hg requires N, 7°44; Hg, 
53°19 per cent.). 

Action of dilute hydrochloric acid on (1).—The compound (I) 
on treatment with hot 0°25N-HCl went into solution which when 
concentrated and cooled deposited crystals of malonmonophenylamide, 
m.p. 164°, 

Action of hydrogen sulphide on (I).—The compound (I) 
(0°6039 g.) was suspended in 30 p. c. alcohol and a slow current of 
hydrogen sulphide gas was passed into the solution till the precipita- 
tion of mercury as mercuric sulphide was complete. The precipi- 
tates were then filtered through a Gooch crucible and washed 
repeatedly with alcohol and water till free from hydrogen sulphide 
and the amide formed by the decomposition of the compound. It 
was then washed with carbon disulphide (20 c.c.) and pyridine (20 c.c.) 
to remove the sulphur which might have been precipitated together 
with mercuric sulphide. It was finally washed with alcohol and ether 
to remove the adhering carbon disulphide and pyridne, dried at 
105-10° and weighed (0°3762 g.). (Found: Hg, 53°69. C,H,0.N,Hg 
requires Hg, 53°19 per cent.). 

This indicates that the decomposition of the substance with 
hydrogen sulphide was quantitative. 

Action of phenylhydrazine and hydrazine hydrate.—The com- 
pound (I) was decomposed when it was treated either with phenyl- 
hydrazine or with hydrazine hydrate with the separation of grey 
metallic mercury which settled down. 

Action of bromine on mercurimalonamide,—The mercury deri- 
vative suspended in water was treated with an aqueous solution of 
bromine till no more bromine was absorbed. The flask was then 
heated to boiling and the solution concentrated. On cooling crytsal- 
line precipitates of the bromo-derivative and mercuric bromide were 
obtained. The precipitates were then filtered and washed with 
alcohol till free from mercuric bromide. The residue when 
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dried melted at 203-04°. It was identical with the dibromomalon- 
amide obtained by the direct bromination of malonamide (Freund, 
Ber., 1884, 17, 782). 

Mercurimalonmono-o-toluidide, (II).—This was prepared in exactly 
the same way as the corresponding malonmonophenylamide deri- 
vative (I). The product is insoluble in all the ordinary organic sol- 
vents and melts with decomposition at 257-59°. (Found: Hg, 51°6. 
CoH; 902NegHg requires Hg, 51°3 per cent.). 

Action of potassium iodide on (I1).—The compound (II) (0°28 g.) 
suspended in distilled water was treated with an aqueous solution of 
potassium iodide (1 g.). Potassium hydroxide was gradually liberated. 
After a day, the liberated potassium hydrox!de was titrated against 
0°059N-HCl (23°3 c.c.). It was found that no more potassium 
hydroxide was liberated, even on further heating the mixture, show- 
ing that the reaction was complete in the coid. 

The liberation of 1°915 equivalents of alkali indicates that the 
rupture of C— Hg linkage is almost quantitative in the cold. 

Compounds similar to the above have been prepared by the inter- 
action of the compounds (3) to (13) with mercuric chloride in 


presence of sodium bicarbonate under identical conditions. These 
have been tabulated in the annexed table. 
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The Alkaloids of Rauwolfia Serpentina, Benth. Part I. 


By SatimuzzaMaNn Srippiqui AND Rarat Hussain Sippiqul. 


In the course of a general chemical examination of the roots of 
Rauwolfia serpentina, we have already communicated (J. Indian 
Chem. Soc., 1931, 8, 667), the isolation of five new alkaloids and 
characterised them in some detail. We were engaged since in the 
study of the three main alkaloids, chiefly ajmaline, but owing to 
lack of sufficient substance we could not so far get to decisive con- 
clusions about their constitution. As however, a recent publication 
of Van Itallie and Steenhauer (Arch. Pharm., 1982, 270, 313) on the 
subject has brought up some points of controversy, we feel constrained 
to publish the results already obtained and discuss them in the light 
of that publication. 

The Dutch authors have been able to isolate only three alkaloids 
from the root of R. 8., which seem to correspond to ajmaline, 
ajmalinine and serpentinine. Their alkaloids B and C melt three 
degrees lower than serpentinine and ajmalinine respectively and the 
rotation of the alkaloid C ([a]p =—76°4°) is—20°6° less than that of 
ajmalinine ({a]p = —97°), due probably to its contamination with the 
strongly positive ajmaline. Their failure to get serpentine and 
ajmalicine is easily accounted for by their using ammonia and ether 
as a means of extraction. Serpentine is not liberated by ammonia 
and both serpentine and ajmalicine are almost insoluble in ether. 
The authors have given ajmaline another name ‘‘ Rauwolfine.’’ on 
the basis of a formula, higher than that given by us for ajmaline by 
one carbon atom, in the face of almost identical colour reactions, 
optical activity and melting points: Ajmaline, m.p. 158°-60°, 
[a]§3= +128° (in 1% CHCl, solution). Rauwolfine, m.p. about 
160°, [a]p = +181°1° (in 1 % CHCl, solution). 

The slightly lower rotation of ajmaline is easly explained by the 
fact that ajmaline containing 34 molecules of water of crystallisation, 
i.e., 17°0% of active matter, was used by us for the determination 
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of optical activity, whereas the base used by the Dutch authors 
contained 1 CH;0H of crystallisation, i.e., only 8°7% of optically 
inactive matter. 

The reason for the disparity in the formulae of ajmaline and 
rauwolfine lies in the fact, that we had assigned the formula 
Co9Hgg0gNy to ajmaline on the basis of dehydration at 100° in 
vacuo while the Dutch authors cumbusted their base after heating 
it to constant weight at 150° to remove the methy! alcohol of 
crystallisation. As later observations showed, ajmaline does ten- 
aciously retain 4 a molecule of water more, after losing three 
molecules of water at 100°, which it gives up only on heating upto 
about 150°. This view is further supported by the fact that ajmaline 
shows the presence of 2 active H after heating to constant weight 
at 100° and only 1 active H after complete dehydration at 150°. In 
the light of these observations the original formula of ajmaline 
CeoHgg0gNe resolves itself into Cg;Hg,0,Ng, $H,O. [Found: 
(loc. cit. p. 673) C, 73°0; H, 8°12; N, 8°8. Cg;H»,O,Ne, $H,O 
requires C, 72°6; H, 7°8; N, 8°1 per cent. Co 9H,,02Ng, requires 
C, 73°6; H, 8:0; N, 86 per cent.]. The platinum value of the 
chloroplatinate as given by us in the last communication (loc. cit.) 
though within the limits of error for the Coo formula agrees even 
more closely with the Cy, formula. [Found: Pt, 17°9.(Cg;Hgg0_No, 
HCl), PtCl, requires Pt, 18°0 per cent. (CogHggQQNo, HCl)o, PtCl, 
requires Pt, 18°4 per cent.]. The nitrogen value is a little too high for 
the Cy, formula, but in the nature of the case the C and Pt values 
have to be given greater weight in deciding between the two 
formulae, differing by one carbon atom. 

But while all the general characteristics of the base rauwolfine 
point to its identity with ajmaline we have to postpone a definite 
conclusion to this effect as the Dutch authors have made no mention 
of the presence of an active H in rauwolfine in the course of its 
group analysis and have, moreover, showed after the method of 
Herzig and Meyer the absence of N-CH,; in the base, whereas we 
believe to have established the presence of an N-CH; and an 
active H in ajmaline, and showed the likelihood of ajmaline contain- 
ing the group :NHCH, in its molecule. 

The secondary character of ajmaline we concluded from its 
yielding a non-basic crystalline nitroso derivative and a non-basic 
crystalline monobenzoate. A crystalline acetyl derivative could not 
be formed but we succeeded in getting a crystalline methyl derivative 
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of ajmaline out of a ciystalline methiodide, which showed the 
presence of two N-CH, groups whereas ajmaline itself was found to 
contain only one N-CH;. As one of the two N atoms in ajmaline is 
non-basic, it appears that the methyl groups and the iminohydrogen 
are both linked to one and the same nitrogen and the formula of 
ajmaline might be further represented as Co9Hy20.N(NHCHS). 

Ajmaline does not contain either a hydroxy or methoxy group and 
we have not been able so far to account for the two oxygen atoms 
contained in its molecule. On being heated upto about 200° ajmaline 
was changed into a brittle varnish-like reddish mass, out of which we 
could isolate a crystalline base melting at 256°, which we have 
provisionally called ‘‘pyroajmaline’’. 

Serpentine, serpentinine, and ajmalicine also form nitroso deriva- 
tives and appear to be secondary bases. Considering the fact, that 
number of secondary bases in nature is very limited, their prevalence 
particularly in the roots of a plant is rather striking but as our 
investigation on the bark of Holarrhena antidysenterica (this volume) 
have brought to light a series of apparently secondary bases, the 
Apocynacae family to which the two plants belong might be 
considered as particularly rich in secondary bases. 

In the light of our observations in case of ajmaline the empirical 
formulae of ajmalinine and serpentine were also revised, but owing 
to the lack of sufficient amount of substance no decisive results could 
be so far obtained. It may, however, be noted here, that serpentine 
also appears to retain some more water of crystallisation after heat‘ng 
to constant weight at 150°, while ajmalicine does not. Neither of 
these bases were found to contain an N-CH, group, but each of 
them showed the presence of one OCH, group. 

A further point of interest has been brought up through the isola- 
tion of 3 new bases from an African species of Rauwolfla, Rauwolfia 
caffra, by Koepfli (J. Amer. Chem. Soc., 1931, 64, 2412). The chief 
alkaloid has been named rauwolfine (Cg9H,g0,No, d. p. 235-38°) 
and appears to be a quarternary base. Though the two plants are 
so allied, the base from R. caffra appear to be very different from 
those of 2, serpentina. 


EXPERIMENTAL. 


Determination of active H in ajmaline (Zerewitinoff’s me. . 
thod).—After complete dehydration at 150° [Found: H, 0°23. 
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C,,Heg0gNo requires (for 1 active H) H, 0°29 per cent.]. After 
heating to constant weight at 100° in vacuo [Found: H, 0°59. 
Co,;Heg0gNs, 4H20 requires (for 2 H) H, 0°59 per cent. ]. 
Determination of N-CHg in ajmaline (Herzig and Meyer's 
method) ajmaline showed the presence of IN-CH,. [Found:CH;, 
5°06. Co,;Hgg0_gNo requires (for 1N-CH,) CHs, 4°43 per cent. ]. 

Nitrosoajmaline.—To a cooled solution of ajmaline (1 mol., 0°33g.) 
in 10 p. c. acetic acid, a well cooled solution of sodium nitrite 
(1°5 mol., 0°12 g.) was slowly added. A cream yellow granular precipi- 
tate was produced, which was filtered after keeping the reaction 
mixture well corked at room temperature overnight and well washed 
first with warm 5 p. c. acetic acid, then with water, to remove the 
unchanged base. On recrystallising from dilute alcohol nitrosoajmaline 
formed pale yellow needles, m. p. 209°. [Found : (after drying to 
constant weight at 100° in vacuo) C, 67°7; H, 7°11. Cy,H,,03;N, 
requires C, 68°67; H, 6°81 per cent. Cg,;H,,;03;N3, 4H,O requires 
C, 67°02; H, 6°91 per cent. ]. 

Benzoylajmaline.—To a solution of ajmaline (0°5 g.) in 
pyridine (4c. c.) was added benzoyl chloride (0°75 c. c.) under 
good cooling. The thick oil which settled down overnight 
was washed with dilute acetic acid and taken up with alcohol 
and water. On cooling the solution, long, white, broad needles (0°3 g.) 
were obtained, which softened at 134° and melted at 180°. On re- 
crystallisation from benzene after washing it with dilute acetic acid the 
benzoate began to darken from 140° onwards and melted at 214-16°. 
(Found: C, 74°6; H, 8°05. Cg,;H»,0gNg’'COC,H, requires C, 
76°02; H, 6°79 per cent.). Evidently this product was not pure enough 
to give a correct analysis but its distinctly non-basic character con- 
firmed the presence of an imino H in ajmaline. 

Methylajmaline.—To a solution of ajmaline (1 mol.,1 g.) in 
chloroform (3 c.c.) methyl iodide (1°5 mol., 0°7 g.) was added 
and the mixture left well corked at the room temerature (40°). After 
2 days the separated crystalline product was filtered, washed with 
chloroform and dried (yield 0°95 p. c.). Methylajmaline hydroiodide 
thus obtained melted at 230-31°. Its N-CH, estimation showed the 
presence of two N-CH; groups. [Found:CHs, 6°2. CegH.,02N, 
HI requires (for 2NCH;) CHgs, 63 percent.]. The chloroform 
solution on evaporation gave a residue (0°27 g.), which melted between 
230-50°, but the amount being too small could not be _ investi- 


gated further. 
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The crystalline hydriodide was dissolved in acetic acid and the base 
precipitated from the solution with concentrated NaOH solution, 
because methylajmaline could not be precipitated by ammonia, and 
thus, rather contrary to expectations, appears to be stronger than the 
secondary base, ajmaline. The precipitate was shaken with chloroform, 
the chloroform solution dried over sodium sulphate and the clear pale 
yellow residue left on removing the solvent crystallised from moist ethy] 
acetate in star shaped clusters of needles, m.p. 130°-31° (softening 
at 127°). It is easily soluble in alcohol, less so in ethyl acetate, diffi- 
cultly soluble in ether, insoluble in petroleum ether. It gives the same 
colour reactions as ajmaline. (Found :C, 74°90; H, 8°85. CogHagO2No 
requires C, 75°0; H, 7°95 per cent.). 

The salts of methylajmaline were prepared in the same manner 
as in case of ajmaline. 

Methylajmaline hydrochloride forms a white powder, soluble in 
alcohol but dfficultly so in cold water. It softens at 125°, froths up 
at 182-34° (giving off water of crystallisation) and melts at 272°. 

Methylajmaline picrate forms a bright yellow powder, which is 
easily soluble in alcohol but difficultly so in cold water. It begins 
to froth at 176° and melts at 186°. 

Methylajmaline chloroplatinate is an amber coloured powder, 
soluble in alcohol but insoluble in water. It shrinks with darkening 
at 203° and melts at 215-20° (decomp.). 

Effect of heat on ajmaline: pyroajmaline.—On dehydration at 100° 
in vacuo ajmaline melts indefinitily from 160-70°. On heating to 
constant weight at 150° it further loses 2°3 p. c. of water (Co,;Hg¢- 
O2No, 4H20 requires H,O, 2°88 p. c.) and begins to soften at 170° 
sticking slowly to the sides of the m. p. tube by 185°, the sticky mass 
melting down at about 256°. On heating ajmaline at 200° for about 
4 hour a brittle reddish brown mass is produced which crystallises 
partly out of moist ethyl acetate in slender needles, m. p. 256° 
(shrinking at 240°). They lose 6°9 p.c water of crystallisation when 
heated to constant weight at 150° (showing 14 mol of water of 
crystallisation, if the molecule of pyro-ajmaline should be the same, 
as that of ajmaline). It is difficultly soluble in chloroform. 

Pyroajmaline hydrochloride.—The hydrochloride, prepared by 
adding ethereal hydrochloric acid in a chloroform-ether solution of the 
base is an amorphous powder which darkens at 226°, softens at 230° 
and melts at 238-40° (decomp.). It is easily soluble in alcohol - 
and water. 
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Determination _of OCH, in ajmalinine (Zeisel’s metod) showed the 
presence of one OCH, group. (Found:OCHs, 8°8. Cg,9H:,0,N 


requires OCH3;, 8°96 per cent.). 
Determination of OCH, in serpentine showed the presence of one 
OCH, group. (Found:OCH3;, 9°27. Cg,H2,;0,N requires OCHs, 


8°78 per cent.). 


Researcse INstTitTvte, 
A. U. Trppt CotLecr, 
DELHI, 


Reeieved July 27, 1932. 
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The Formation and Stability of Polybromide Derivatives 
of Heterocyclic Compounds. Part I. The 
Bromination of Dipheny]-)-thiohydantoin 
and its ortho-Tolyl Homologue. 


By Monammap Omar Faroog AND Rosert Fercus Hunter. 


It has been shown that treatment of a solution of benzthiazole 
in chloroform at low temperatures with a molecular proportion of 
bromine gives rise to a dibromide (Hunter, J. Chem, Soc., 1930, 
125), whose properties suggest that the bromine atoms are held to 
the nuclear nitrogen atom by means of semipolar single bonds, after 
the manner of attachment of the labile chlorine atoms to the phos- 
phorus atom in phosphorus pentachloride (Prideaux, Chem. Ind., 
1928, 42, 672; Ingold and Ingold, J. Chem. Soc., 1926, 1815; Sug- 
den, J. Chem. Soc., 1927, 1176). A similar series of dibromo-addi- 
tion compounds have also been obtained from the 5-chloro-3-bromo-]- 
alkylaminobenzthiazoles (Dyson, Hunter, Jones, and Styles, J. 
Indian Chem, Soc., 1931, 8, 147), which are characterised by their 
extraordinary thermal stability to temperatures within 20° or so of 
their melting points, at which rapid decomposition sets in without 
any indication of an equilibrium of the type which has been observed 
by Ephraim in the case of alkali perhalides (Ber., 1917, 50, 1069). 
In the presence of a large excess of the halogen, however, benzthi- 
azole yields a highly unstable tetrabromide, analogous to the more 
stable tetrabromide of l-phenylbenzthiazole (Bogert and Abrahamson, 
J. Amer. Chem. Soc,, 1922, 44, 826; Hunter, loc. cit.). The forma- 
tion of these compounds by a repetition of the process of singlet 


* Br complex is not 
Br 


.B 
sharing, leading to the production of the oN 5, 


difficult to visualise. 

Now it is clear that if this interpretation of the mechanism of 
formation of these compounds is correct, the phenomenon must per- 
meate, in greater or lesser degree, the whole field of heterocyclic 
compounds in which hetero atoms containing lone pairs of unshared 
electrons are encountered. It is therefore the object of this series 
of investigations, to study the behaviour of different heterocyclic 
systems towards bromine, and to examine the effect of substituents 
on the formation and stability of their bromo-addition compounds 
in relation to their suggested electronic constitution. 


4 
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Particular interest attaches itself to the compounds of sulphur 
and nitrogen in view of the apparent expansion of the valency group 
of sulphur to twelve electrons in sulphur hexafluoride, and it has 
already been shown that the nuclear sulphur atom of the benzthi- 
azole system exhibits the characteristic inertness of that in thiophen 
(Hunter, loc. cit.). This has been interpreted on the basis of the 
sextuple group theory of aromatic stability (Armit and Robinson, J. 
Chem. Soc., 1925, 127, 1605; Goss and Ingold, J. Chem. Soc,, 1928, 
1268), which receives further support from Hiickel’s recent wave me- 
chanical analysis of the benzene molecule (Z. Physik, 1981, 70. 204). 
This author has had to make a number of assumptions which may 
or may not be entirely justifiable, but he has shown that by working 
out the quantum states of the six electrons over and above those 
required for joining carbon to carbon and carbon to hydrogen, and 
applying Pauli’s principle, that a system of six electrons constitutes 
a ‘‘closed group’’ somewhat analogous to the closed groups of the 
Periodic system. Although the effect of disturbed symmetry in 
heterocyclic compounds such as pyridine, thiophen, and thiazole 
which exhibit aromatic characteristics cannot be calculated, it is 
clearly reasonable to assume that the importance of the sextuple 
group still persists in relation to their chemical behaviour. 

It therefore appeared of interest to examine the reactivity of the 
reduced thiazole nucleus towards bromine, and the y~-thiohydantoins 
were selected for this purpose. 

The bromination of diphenyl-y¥-thiohydantoin (I), in chloroform 
at low temperatures, gave rise to a well defined vermilion compound, 
possessing the composition of a hexabromide of the tetrahydrothia- 
zole. Only two thirds of its total bromine was, however, labile 
towards potassium iodide and on reduction with sulphurous acid 
it yielded 2-phenyl-3-p-bromophenyl-4-ketotetrahydrothiazole (II), 
whose constitution follows from its synthesis from p-bromo-s-di- 
phenylthiocarbamide and monochloroacetic acid (Dains, Irvin, and 
Harrel, J. Amer. Chem. Soc., 1921, 43, 613). 


CH,—— CH e—S 
oe C:NPh l ye :NPh 
CO—NPh CO——N 


Br 


(II) 
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These reactions clearly exclude the possibility of addition of 
bromine to the double bond of the 2-phenylimino grouping in the 
original y-thiohydantoin, and the bromo-addition compound is 
evidently a hydropentabromide of the bromophenyltetrahydrothiazole 
(II), which is confirmed by its synthesis from the bromophenyltetra- 
hydrothiazole, hydrogen bromide, and bromine. 

There is clearly a choice of formulae (III) and (IV) for the 
hydropentabromide, depending on whether the sulphur atom of the 
¥-thiohydantoin complex is reactive as in the dialkyl sulphides 
(Cahours, Annalen, 1865, 185, 355), or inert asin thiophen and 
benzthiazole. 


CHs-SBre aie 
Ye :-NPh » C:NPh 
dont | a 


eluate 


Br Br 





(IIT) | (IV) 


The sulphonium bromide formula (IV) is, however, excluded by 
the fact that the hydropentabromide yields 2-phenylimino-3-p-bromo- 
pheny|]-4-ketotetrahydrothiazole, and not the sulphoxide (V) on 
treatment with precipitated mercuric oxide. 

On exposure to the atmosphere, or on keeping ina desiccator 
over potassium hydroxide, the hydropentabromide lost bromine 
yielding a stable yellow hydrotribromide of 2-pheny]-3-p-bromophenyl- 
4-ketotetrahydrothiazole. This compound was also obtained by 
thermal decomposition of the hydropentabromide, under reduced 
pressure at a temperature some 25° below its melting point, when 
dissociation took place in accordance with the equation : 


‘goed aes weedy 
Base, H |Br;—> | Base, H |Brz; +Brg. 


The bromination of 2-phenylimino-3-p-bromopheny]-4-ketotetra- 
hydrothiazole in chloroform at low temperatures, yielded an unstable 
octabromide, which regenerated the original y-thiohydantoin (II) on 
treatment with sulphurous acid. On the other hand, its labile 
bromine content as determined by iodometric titration in chloroform, 
indicated the présence of only six labile bromine atoms, 
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It has been shown that this loss is due to nuclear substitution 
under the conditions of the reaction, leading to the production of a 
dibromo substitution derivative of diphenyl-y-thiohydantoin, which 
is different from 2-p-bromophenylimino-3-p-bromopheny]-4-ketotetra- 
hydrothiazole (VI) which was synthesised from s-di-p-promopheny]l- 
thiocarbamide and monochloroacetic acid (Dains, Irvin, and Harrel, 
loc. cit.), and which is evidently the 2-phenylimino-8-o0-p-dibromo- 
phenyl derivative (VII). 


CH,— aes a CH,— 
| C:N< >»Br | :NPh 
CO——N CO——-N: 


Br Br 
(VI) (VII) 


This difference in reactivity of labile bromine towards sulphurous 
acid and potassium iodide has already been observed in the case of 
the tetrabromide of 1-phenylbenzthiazole (Hunter, J. Chem. Soc., 
1980, 188), and is evidently due to the fact that the second reaction 
is preceded by a hydrolysis of labile bromine to hypobromous acid, 
which then reacts with hydriodic acid in the usual way. 


Br, +H,0=HBr+HBrO (i) 
HBrO +2HI=HBr+H,0+I, (ii) 


This receives confirmation from the fact that a solution of the 
octabromide in chloroform undergoes nuclear substitution with the 
production of the dibromo derivative, on being shaken with 
water. 

The octabromide also regenerated the original 2-phenylimino-8-p- 
bromopheny]-4-ketotetrahydrothiazole on treatment with mercuric 
oxide, indicating that the perbromide complexes are attached to 
nitrogen, and that in the y-thiohydantoin base as well as in the 
ammonium ion derived from it, the nuclear sulphur atom retains the 
characteristic inertness of the sulphur atom in thiazole and benzthia- 
zole. This is of particulur interest, since in this case there can be 
no question of the lone electrons of the sulphur atom being required 
for the formation of a sextuple group. 
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The bromination of di-o-tolyl-y-thiohydation (I, with o-C,H, in 
place of Ph) at low temperatures, yielded an unstable hydrohepta- 
bromide of a monobromo-substiution derivative, which is almost 
certainly 2-0-totylimino-8-p-bromo-o-tolyl-4-ketotetrahydrothiazole, 
although it has not yet been possible to isolate a synthetic specimen 
of this ¥-thiohydantoin from the condensation of s-o-tolyl-p-bromo- 
o-tolylthiocarbamide and monochloroacetic acid. On exposure 
to air, the hydroheptabromide lost bromine yielding a stable 
yellow hydrotribromide, similar to the compound obtained by 
by degradation of the hydropentabromide of 2-phenylimino-3-p- 
bromopheny!-4-ketotetrahydrothiazole. 


EXXRERIMENTAL, 


2-Phenylimino-3-phenyl-4-ketotetrahydrothiazole (diphenyl-y-thio- 
hydantoin) was prepared in 90 p.c. yield by heating a solution of 
thiocarbanilide (23 g.), monochloroacetic acid (9°5 g.) and pyridine 
(16 c.c.) in alcohol under reflux for 5-6 hours. It separated from 
alcoholethy] acetate in needles, m. p. 175° (compare Lange, Ber., 
1879, 12, 596 ; Liebermann, Annalen, 1881, 207, 123). 
2-Phenylimino-3-p-bromophenyl-4-ketotetrahydrothiazole hydropenta- 
bromide. (i) Bromination of diphenyl-p-thiohydantoin.—A _ solu- 
tion of the hydantoin (1 g.) in chloroform (10c.c.) was cooled to 
0—3° and treated with bromine (O0'8c.c. in O0°8c.c. of the same 
solvent), when the hydropentabromide crystallised after a minute or 
two. After being dried on porous earthenware, in a vacuum over 
potassium hydroxide for a short time, it formed glistening vermilion 
plates which become yellow with loss of bromine vapour at about 
140° and had m. p. 161-63° (decomp. with effervescence). [Found: 
Br (total), 64°1, 64°0 ; Br (labile), 42°0, 41°6. C,},H,,ON,Br8, HBr 
(Br,) requires Br (total), 64°2; Br (labile), 42°8 per cent.]. On expo- 
sure to air for 24 hours, the hydropentabromide lost bromine yielding 
a stable yellow hydrotribromide, which after being digested for a few 
minutes with boiling chloroform in which it is almost insoluble, and 
drying in a vacuum, had m. p. 145-46° (decomp.). [Found: Br, 64°0. 
C,;H,,ON,BrS, HBr (Brg) requires Br, 54°4 per cent.]. On treat- 
ment with sulphurous acid and sulphur dioxide, both of these bromo- 
addition compounds yielded 2-phenylimino-3-p-bromophenyl-4-ketotet- 
rahydrothiazole, which separated from ethyl acetate in needles, m. p. 
175°. [Found : Br, 23°2 ; 8, 9°83. Cale.: Br, 23°1 ; 8, 9°2 per cent.]. 
This bromophenyltetrahydrothiazole was also prepared by heating 
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a mixture of s-phenyl-p-bromophenylthiocarbamide (6°5 g.), mono- 
chloroacetic acid (2 g.) and pyridine (2 c. c.) in alcohol for 3 hours. A 
mixture of both specimens melted at 175°, but admixture with di- 
phenyl-y-thiohydantoin (m. p. 175°) caused a depression of 20 
to 25°. 

(ii) Synthesis from 2-phenylimino-3-p-bromophenyl-4-ketotetrahy- 
drothiazole.—Bromine (14 c. c.) was added to a solution of 2-phenyl- 
imino-3-p-bromopheny]-4-ketotetrahydrothiazole (0°7 g.) and hydrogen 
bromide (0°3 g.) in glacial acetic acid (5 c. c.), when the hydropenta- 
bromide crystallised in shining red plates, m. p. 159-60° (decomp. 
after losing bromine at 145°) after being rapidly dried on porous 
earthenware in a vacuum [Found : Br (total), 64:1; Br (labile), 
42°8 per cent.]. Curiously enough, this specimen of the hydropenta- 
bromide appeared tc be more stable to the atmosphere than the 
specimens prepared by direct bromination (compare Hunter, 
loc. cit.). 

(iii) The action of mercuric oxide.—Precipitated mercuric oxide, 
dried at 110°, was added with shaking to a solution of the hydropen- 
tabromide in chloroform until decolorisation appeared tobe complete. 
The filtered solution was evaporated and the product was recrystall- 
ised from alcohol (animal charcoal) when 2-phenylimino-3-p-bromo- 
pheny|-4-ketotetrahydrothiazole was obtained and identified by m. p. 
and mixed m. p. determination. 

(iv) Thermal dissociation.—5 G. of freshly prepared hydropenta- 
bromide were placed in a dry flask, fitted with a stop-cock, and in 
series with a soda lime tower, manometer, and an oil pump. The 
flask was exhausted to 24 mm., placed in an oil-bath at 135-37° and 
heated for 6 minutes when bromine was copiously evolved with the 
production of a ye low granular residue consisting of the stable hydro- 
tribromide, which was identified by its properties and also by analysis 
(Found: Br, 53°8 per cent.). 

2-Phenylimino-3-p-bromophenyl-4-ketotetrahydrothiazole octabro- 
mide.—A solution of the p-bromophenyltetrahydrothiazole (0°5 g.) in 
chloroform (3 c.c.) was cooled to 0° and treated with bromine 
(0°7 c. c. in 0°5 c. c. of chloroform) when the octabromide crystallised 
in glistening red plates, which were dried on porous earthenware in 
vacuo for 5 minutes and immediately analysed with the precautions 
used for highly unstable compounds of this type (Dyson, Hunter and 
Soyoka, J. Chem. Soc., 1929, 460), m.p. 161-62°. [Found: Br (total), 
72°3 ; Br (labile), 45°2. C,,;H,,ON,BrS, Br, requires Br (total), 
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72°9 ; Br (labile), 62°5 per cent.]. This compound was also obtained 
by treating a solution of the bromopheny] derivative (0°5 g.) in chloro- 
form (6 c. c.) with bromine (0°6 c. c. in 0°6 c. e. of chloroform). On 
reduction with sulphurous acid, or on shaking a chloroform solution of 
the bromide with mercuric oxide the original p-bromophenyltetrahy- 
drothiazole was obtained unaccompanied by other products. 

Titration and hydrolysis experiments.—(i) A solution of the octa- 
bromide in chloroform (50 c. c.) was treated with excess of aqueous 
potassium iodide and the mixture was decolorised with sodium 
thiosulphate solution and the chloroform layer was separated, 
well washed with distilled water, and evaporated on a water-bath. 
On recrystallisation from alcohol, 2-phenylimino-3-0-p-dibromophenyl- 
4-ketotetrahydrothiazole was obtained, m.p. 119-20°, which melted 
at 120° when mixed with the specimen obtained by hydrolysis of 
the octabromide. (ii) A solution of the octabromide in chloroform 
(50 ¢.c.) was shaken with water (20c.c.) at intervals during a 
period of 5 minutes and the mixture was thereafter treated with 
excess of sulphur dioxide. Evaporation of the chloroform layer 
yielded the dibromo derivative which separated from alcohol in 
smal! needles, m.p. 121°. (Found: Br, 37°2. C;;H,;,ON.Br,§ re- 
quires Br, 37°5 per cent.). 

2-c-Tolylimino-3-p(?)-bromo-o-tolyl-4-ketotetrahydrothiazole hydro- 
heptabromide.—A solution of di-o-tolyl-p-thiohydantoin (0°5 g.) (Pozzi 
Escot, Compt. rend., 1904, 139, 1032) in chloroform (5 c.c.) was 
treated with bromine (0°7 c.c.), when the hydroheptabromide crystal- 
lised after a short time. The bromo-addition compound formed 
unstable red glistening needles which were collected on a porous 
earthenware, rapidly dried in high vacuum, and immediately 
analysed, m.p. 120-21° (decomp.). [Found: Br (total), 69°3; Br 
(labile), 49°7. C,;H,,ON,BrS, HBr(Brg) requires Br (total), 
68°4; Br (labile), 51°3 per cent.]. This experiment is typical of a 
number, and the appreciably high figure for total bromine is due 
to the same difficulty as that encountered in dealing with other 
unstable high perbromides of this type which are too unstable to 
permit crushing of the crystals and redrying in vacuo for removal of 
the last traces of occluded halogen (compare Dyson, Hunter, and 
Soyka, loc. cit.; Hunter, J. Chem. Soc., 1930, 139). Experiments 
which have beenmade in this connection on stable hydrotribromides, 
such as those of 5:4/-dichloro-1l-anilinobenzthiazole and 1-imino-2- 
ethyl-1:2-dihydrobenzthiazole indicate that the error introduced in 
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this way is of the order of that observed in the analysis of this hydro- 
heptabromide. On reduction with sulphurous acid and sulphur 
dioxide, the hydroheptabromide yielded 2-0-tolylimino-3-p( ?)-bromo-o- 
tolyl-4-ketotetrahydrothiazole which had m.p. 129° after recrystallisa- 
tion from alcohol-ethyl acetate. (Found: Br, 27°4. C,;,H,,ON,BrS 
requires Br, 27°0 per cent.). This was also obtained (m.p. 126°) by 
evaporation of the chloroform layers obtained in titration experiments 
on the hydroheptabromide. 

On exposure to air, the hydroheptabromide rapidly lost bromine 
yielding a bright yellow crystalline hydrotribromide, m.p. 132° 
(decomp.). (Found: Br, 51°6. C,;H,gON,Br,S requires Br, 
52°0 per cent.). 

On more han one occasion in our earlier experiments we 
isolated a red crystalline bromo-addition compound from the bromi- 
nation of di-o-tolyl-y-thiohydantoin which had the composition of 
a hydropentabromide of 2-0-tolylimino-3-bromo-o-tolyl-4-ketoietra- 
hydrothiazole, m.p. 109-10°. (Found: Br, 61:1. C,;H,,ON,Br,S 
requires Br, 61°8 per cent.). The low melting point of this substance 
suggests, however, that it was most probably a eutectic mixture 
of the hydroheptabromide and hydrotribromide. 

s-0-Tolyl-p-bromo-o-tolylthiocarbamide.—A solution of 0-tolyl- 
thiocarbimide (1°2 c.c. in 4 ¢.c. of alcohol) was added to a solution 
of p-bromo-o-toluidine (2°5 g.) in the same solvent (8 c.c.), and the 
mixture was evaporated on a steam-bath until crystallisation com- 
menced. On recrystallisation from alcohol-ethyl acetate (animal 
charcoal), the thiocarbamide was obtained in soft flaky white crystals, 
m.p. 152°. (Found: Br, 24°3. C,;H,,;N,BrS requires Br, 23°9 per 
cent.). Attempts to synthesise 2-0-tolylimino-3-p-bromo-o-tolyl-4- 
ketotetrabydrothiazole from this compound by condensation with 
monochloroacetic acid and pyridine in alcohol led only to gummy 
resins which could not be investigated. 

The authors wish to thank Mr. H. Morland, M.Sc. for carrying 
out some of the preliminary experiments in connection with this 
investigation at the Imperial College of Science and Technology, 
South Kensington in 1926. 
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The Alkaloids of Holarrhena Antidysenterica 
Part I. Three New Alkaloids from the 
Bark of Indian Holarrhena and New 
Methods of Isolation and Further 
Purification of Conessine. 


By SauimuzzaMan Sippiqui AND P. PARAMESWARAN PIL.ay. 


A good volume of work has already been done on the different 
species of Holarrhena, resulting invariably in the isolation of cones- 
sine (C2,H, )N¢g), both from the bark and seeds of the plants. Pyman 
(J. Chem. Soc., 1919, 115, 163) isolated from the seeds of Holarrhena 
congolensis, Stapf. another alkaloid, holarrhenine (Cg,H;,ONg, 
m.p. 197-98°), besides conessine (m.p. 125°, Corr., yield 0°25 p.c.). 
A little earlier Ulrici (Arch. Pharm., 1918, 266, 57), working on the 
bark and seeds of Holarrhena africana, had contended to have isolat- 
ed from conessine melting at 121°5° two different bases, viz., (i) the 
‘* true conessine ’’, Cos; Hyg Ng, cubical crystals, m.p. 125° and (ii) 
homo-conessine, Co, Hy Ng, (broad needles which begin to soften 
and effervesce at 50° and have a persistent solid nucleus which does 
not clear upto 130°), but Giemsa and Halberkann (Arch. Pharm., 
1918, 256, 201), who also worked on the same plant, held them to 
be identical with conessine as obtained by the previous authors. 
Ghosh and Ghosh ( J. Indian Chem. Soc., 1928, §, 477) communi- 
cated the isolation of two new alkaloids, kurchicine (m.p. 173°-75°, 
yield 0°12 p. c.) and kurchine (m.p. 73-75°) besides conessine (m.p. 
120°, yield not mentioned). 

Owing, on the one hand, to the immense medicinal interest 
acquired by Holarrhena antidysenterica in later years, and on the 
other, to the amount of controversy that hangs round the problem of 
its alkaloidal constituents, we found it of interest to undertake a 
systematic study of the alkaloids of this plant. 

As a result of our investigations we have succeeded in obtaining 
conessine melting at 126° (Corr.) in a yield of 0°4 p.c. on the weight 
of dry powdered bark and three new alkaloids, viz., 

(i) Conessimine, C,;H3gNg, m.p. 100°; distils to a crystalline 
mass at 230°/1'8 mm; [o]}°=—22°5°; CosH3,Ne, 2 H,O, m.p. 
91°, yield 0°12 p. c. 


5 
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(ii) Holarrhimine, C2,H;,ON,, m.p. 183° (Corr.); [a]2°= —14°19°, 
(yield 0°12 p.c. in fresh and 0°03 p.c. in older bark). 

(iii) Holarrhine, Cg9H;,0,;Ny, m.p. 240°; [a]3?=-17°01°. 
The formula for holarrhine has been assigned only provisionally, as 
the nitrogen value was too low and the substance did not suffice for 
@ control combustion. 

The method which first led to the isolation of conessimine was 
based on a repeated fractional precipitation of the sulphuric acid 
soluble portion of the alkaloids with ammonia, whereby the middle 
fraction gave conessimine in a very low yeild as a hydrate 
fairly insoluble in moist ethyl acetate. A quantitative isolation of it, 
however, was only possible on exploiting its two very important 
properties, viz., the formation of its carbonate by passing carbon 
dioxide into a solution of the different bases in moist petroleum ether, 
and the insolubility of its hydroiodidé in water and alcohol. Cones- 
sine, which also forms an insoluble crystalline hydroiodide and 
belongs to the fraction of weaker bases, does not form a carbonate and 
can be crystallised out from acetone. The separation of holarrhi- 
mine and holarrhine was possible only through a fractional crystalli- 
sation of the bases, obtained from the water insoluble crystalline 
sulphates, out of methyl alcohol-ethyl acetate mixture in which 
holarrhine is much less soluble than holarrhimine. 


Conessimine, is diacidic like conessine, contains one active H and 
2 N-CH; groups and forms a crystalline mononitroso derivative. 
It thus appears to be a secondary-tertiary base. MHolarrhimine, is 
also diacidic, contains no OCH, or N-CHg, group, as against 
3N-CH; in holarrhenine, and showed the presence of 3 active H, 
which could be accounted for by assuming, that it contains 1 OH and 
2:NH groups, as this base also gives a non-basic nitroso derivative, 
which, however, could not be obtained crystalline so far due probably 
to its being a mixture of mono and dinitroso derivatives. 


About the close of our present investigations appeared second part 
of ‘‘ The alkaloids of the bark of Holarrhena antidysenterica’’ by Ghosh 
and Bose (Arch. Pharm., 1932, 270, 100), in which the authors have 
characterised in detail the two alkaloids, isolated by Ghosh and Ghosh 
in 1928 (loc. cit.). Also, Haworth (J. Chem, Soc., 1982, 631) has 
communicated the isolation of a new base from the seeds of Holarr- 
hena antidysenterica by distilling the mother liquors of conessine, 
obtained from Simonsen (J. Chem. Soc., 1926, 2123), which he has 
called norconessine. 

















ALKALOIDS OF HOLARRHENA ANTIDYSENTERICA 555 


In the face of the analytical data and general characteristics of 
holarrhimine it is quite apparent that it is different from Pyman’s 
holarrhenine, Cy,H,gONe, m.p. 197°-98°, [a], =—7°1°. As to 
Ghosh’s kurehicine, Co95H3gONo, m.p. 175°, [a]32=—8°45°, it is 
either a different base altogether, which we have not yet succeeded 
in isolating, or a mixture of holarrhimine and holarrhine, as nothing 
has been done by the authors to separate these two bases, which 
crystallise together as sulphates. 

With regard to conessimine and Ghosh’s kurchine, Cy,;H 3,Ngq, 
m.p. 73-75°, distilling at 233°/1 mm. to a wary mass, 
[a]3?=-—7°57°, there can be no doubt that the latter, if pure. is 
quite different from the former. On comparing, however, the 
methods of isolation of the two bases, it appears more likely that 
kurchine should prove to be chiefly conessimine in admixture with 
the non-carbonate forming bases of the conessine group. Also 
Haworth’s norconessine is evidently different from conessimine as 
the former is a liquid at ordinary temperature, has [a]»=+7° and 
contains like conessine 3 N-CH, groups in its molecule as against 
2 in conessimine. 

As for holarrhine, its melting point and specific rotation are too 
far apart from those of both kurchicine and holarrhimine to allow of 
any possibility of its confusion with either. 

So far as conessine is concerned we believe to have attained to a 
higher degree of purity of the base than so far achieved. This was 
possible through a removal of the last traces of the carbonate-form- 
ing, petroleum ether soluble, secondary bases, with nitrous acid, 
whereby snow-white conessine melting at 126° (Corr.) was obtained. 
The melting point noted by the different authors for conessine vary 
from 122° to 125° (Corr.), the latest melting point observed for 
pure conessine by Spiith (Ber., 1930, 63, 126) being 123°. With 
regard to the two crystalline forms of conessine, needles and plates, 
which have formed a source of controversy between Ulrici (loc. cit.) 
and Giemsa and Halberkann (loc. cit.), we have incidentally noted, 
that the plates are the more stable form for conessine. 


EXPERIMENTAL. 


The material used was obtained from a vaid dealer in drugs in 
Lahore and identified by the Sibpur Botanical Institute, Howrah. 

The dry powdered bark (about a year old) (17 kg.) was percolated 
eight times with a mixture of 80 parts of ether with 10 parts of alcohol 
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shaken up with 10 parts of liquor ammonia. The percolate was 
drawn out first after a week and later after every three days, gaseous 
HC] passed through it till just acid, and the ether decanted off from 
the precipitated hydrochlorides, made ammoniacal, and used again. 
After two extractions the ethereal solution decanted from the preci- 
pitated hydrochlorides was treated with ammonia and then with 
acetic acid to faint acidity and the solvent distilled off for further use. 

The residue left by the distillation of the extraction medium gave 
2 p.c. of neutral matter besides a small quantity of residual alkaloids 
which was added on to the main alkaloidal hydrochlorides. The total 
hydrochlorides were dissolved in 2 litres of water and treated with 
sodium sulphate which gave a cheese-like precipitate of insoluble 
sulphates, which was filtered and well washed with water. The fil- 
trate from the sulphates was treated with 20 p.c. sodium hydroxide 
and the alkaloids which were thrown out extracted with ether. 

In this way 38 g. of an insoluble sulphate (80 g. free base) and 
826 g. of an ether-soluble reddish yellow treacly alkaloids were 
obtained, giving a yield of 2°1 p.c. of crude alkaloids. 

The ether soluble alkaloids were treated with petroleum ether and 
the solub'e portion treated with moist carbon dioxide, which threw 
down an insoluble carbonate. The petroleum ether insoluble portion 
was dissolved in ethyl acetate and also separated into carbonate and 
non-carbonate fractions, After a long process of repeated fractiona- 
tions, rendered necessary because the separation of the different 
groups was not very clear cut, the bases were finally separated into 
three broad fractions: (A) sulphates insoluble in water, (B) 
carbonates insoluble in petroleum ether, and (C) non-carbonates 
soluble in petroleum ether. 

Fig. 1. Fig. 2. 





Conessmine. Halarrhimine. 
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Fig. 8. 





Holarrhine. 


Isolation of the Bases. 


Conessine.—The fraction (C) gave by direct crystallisation from 
acetone crude conessine (80 g.) which softened at 110° and melted 
at 110-18°, On recrystallisation out of acetone after removing the 
last traces of carbonate-forming bases by passing CO, into its 
solution in petroleum ether, suspended over water, conessine which 
begins to soften at 123° and melts at 124° (yield 68 g.) was obtained. 
On removing the last traces of secondary bases by treatment with 
NaNO, in acetic acid solution, conessine melting at 126° (Corr.) 
was obtained, the melting point remaining unaltered on further 
crystallisation either directly or through its crystalline oxalate. 

Conessimine.—The fraction (B) of carbonates was dissolved in 
hydrochloric acid and fractionally precipitated with ammonia and 
NaOH. By a repeated fractionation three fractions were finally 
obtained. The strongest basic fraction gave the residual insoluble 
sulphates and a fraction of soluble sulphates. The former was added 
on to the main fraction of sulphates and the base from the latter 
mixed with the middle fraction. The weakest basic fraction gave 
some residual conessine and chiefly petroleum ether insoluble 
carbonates, the base from which was also added on to the middle 
basic fraction. This was now dissolved in dilute HC] and KI was added 
to the clear solution in small portions in the cold till the fresh 
addition of it did not produce any further precipitate. The 
hydroiodide which came down as a thick oil, soon turned 












558 S. SIDDIQUI AND P. P. PILLAY 


crystalline (yield 50 g.). After repeated recrystallisations out of a 
methy! and ethyl alcohol mixture the nearly colourless crystalline 
hydroiodide, m.p. 308-10° (decomp.) (pure conessimine hydroiodide 
melts at 818-19°) was converted into base, which was dissolved in 
moist petroleum ether and a slow current of CO, passed through the 
solution at ordinary temperature. The base from the precipitated 
carbonates was dissolved in ethyl acetate, the solution concentrated 
to a small volume and kept in the cold after adding some water to 
it, when conessimine hydrate crystallised out in long slender needles. 
After recrystallisation from the same medium or out of alcohol-water 
it melted at 91°, turning immediately into a buttery mass, which 
melts down giving a clear meniscus at 100°, yield 0°12 p.c. 

Holarrhine.~-The combined insoluble sulphates (38 g.) were 
treated with 10 p.c. HCl in the cold which dissolved out the major 
portion, forming a deep red solution. The nearly white, granular 
residue was then dissolved in hot 10 p.c. methyl alcoholic HCl, the 
solution neutralised with ammonia and an equal quantity of 1 p.c. 
H,SO, added to the solution in the hot. On cooling, white silky 
crystals of the sulphate separated out (yield 10 g.). The base from 
sulphate, was dissolved in hot methyl alcohol, and ethyl acetate 
added to the solution till beginning of turbidity. After keeping for a 
day in the cold a colourless silky crystalline mass separated out, 
which on recrystallisation out of methyl alcohol and ethyl acetate, 
yielded holarrhine, m. p. 240°, a subsequent recrystallisation 
leaving the m.p. unaltered, yield 0°6 g. 

Holarrhimine.—On completely removing the solvent from the 
combined mother liqours of holarrhine, the hot ethyl acetate solution 
of the residue gave star shaped needles on cooling, m.p. 
180°. After repeated recrystallisations from the same solvent 
holarrhimine was finally obtained, m. p. 183° (Corr.), yield 4 g., 
0°03 p.c. 

Right in the beginning of the present investigations holarrhimine 
was isolated with comparatively much greater ease in a yield of 
0°12 p. ¢. out of the fresh bark. 


Characterisation of the Alkaloids, their Salts and Derivatives. 
Conessimine. 


Conessimine crystallised out of its concentrated solutions in 
dry petroleum ether, ethyl acetate or acetone in microscopic white 
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needles, m.p. 100°. It is fairly soluble in all the common organic 
solvents. In 2°606 p.c. solution in chloroform it showed a rotation 
[a]35=—22:25°. [Found: C, 80°7, 80°6; H, 11°4, 111; N, 8°7; 
M. W. (cryoscopic in benzene), 358. Co;H3gNy requires C, 80°7; H, 
11°1; N, 8°2 per cent., M. W., 342]. Out of moist ethyl acetate a 
sparingly soluble dihydrate of the base crystallises out in long slender 
needles or oftener in aggregates of short spike formed needles, m.p. 
91° (cf. Fig. 1). (Found: C, 72°9; H,11°0; H,O, 9°38; CosHggNo, 
2H,0 requires C, 73°0; H, 11:1; H,O, 9°5 per cent.). 

Conessimine distils at 230°/1°8 mm. to a viscous oil which soon 
starts crystallising and was found to be the unchanged base, although 
the rotation was slightly reduced—[a]}>=-—20°0° in chloroform 
in a concentration of 2°476 p.c. 

Dissolved in concentrated HySO, on a watch glass, conessimine 
forms a colourless solution, which changes to brilliant yellow 
after standing for sometime or more quickly on heating for a few 
minutes on the water-bath. If the watch glass is now exposed to 
the atmosphere, first a green and then a blue ring begins to ‘develop 
from the outermost edge of the solution slowly masking its preced- 
ing colour towards the centre, giving a rainbow effect tothe whole. 
Finally a pinkish violet ring is noticeable from the outer edge of the 
blue ring. On gradual addition of drops of water to the original 
bright yellow solution under stirring, it changes the colours in the 
same sequence, as observed by Warneke and others in the case of 
conessine. We found Conessine also to give similar coloured rings 
as conessimine. 

Determination of active H (Zerewitinoff’s method) showed 
the presence of one active H in the molecule. (Found: H, 0°35, 
Cg3H3gNe requires H, 0°29 per cent.). 

Determination of N-CH; (Herzig and Meyer’s method) showed 
the presence of 2N-CH;. (Found: CH;, 8°8. Co3;H3gNo requires 
(2N-CH,) CH;, 8'8 per cent.). 

Conessimine carbonate was obtained on passing CO, through 
a moist petroleum ether solution of the base as a thick voluminous 
white precipitate, which is soluble in alcoho) and insoluble in water 
and dissolves in dilute acids with effervescence. Dried in the air it 
begins to soften at 70°, giving off CO, and melts indefinitely upto 
105°. It is soluble in cold alcohol and insoluble in petroleum ether 
saturated with CO,, but hot petroleum ether dissolves it owing to 
decomposition of the unstable salt. 
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Conessimine hydrochloride, prepared by adding dry ethereal) 
hydrochloric acid to a solution of the base in dry ether, forms a white 
amorphous powder, is exceedingly soluble in water and alcohol, and 
showed a rotation in 3°708 p.c. solution in water [a]3°=—15-10°. 
When dried in vacuo at 100° it melts at 342-43°. (Found: Cl, 
16°9. Cg3H3gNg, 2 HCl requires Cl, 17°1 per cent.). 

Conessimine chloroplatinate, prepared by adding 5 p.c. platinic 
chloride solution to an aqueous solution of conessimine hydrochlo- 
ride, formed a cream coloured powder, m.p. 301° (decomp.) and is 
insoluble in alcohol or water. (Found: Pt, 26°0. Cg3;H Ng, 
2 HCl, Pt Cl, requires Pt, 25°9 per cent.), 

Conessimine aurichloride, obtained as above, forms a yellowish 
powder, which is insoluble in water and soluble in alcohol. When 
heated after drying in vacuo, it begins to get reddish at 130°, 
thick red sticky fluid at 140°, and decomposes with evolution of gas 
at 165°. (Found: Au, 38°3. Co,H;,N 9, 2 HCl, AuCl, requires Au, 
38°6 per cent.). 

Conessimine hydroiodide was obtained by adding KI solution to 
an aqueous solution of the hydrochloride as a thick oil, which 
quickly turned crystalline. Recrystallised from water it melts at 
318-19° (decomp.). (Found: I, 42°9. Cg;H,,N,, 2 HI requires 
I, 42°6 per cent.). 

Conessimine picrate was obtained by adding a concentrated 
aqueous solution of picric acid to the aqueous solution of the hydro- 
chloride as a brilliant yellow powder, m.p. 172-74°, which is very 
sparingly soluble in hot water or alcohol, and comes out of the 
former solvent in stars of long rectangular planks. 

Nitrosoconessimine.—To a cooled solution of the base (0°3 g., 1 
mol.) in8c.c. of 10 p.c. acetic acid was added a concentrated 
solution of sodium nitrite (0°18 g., 3 mol.) and the reaction mixture 
was left overnight, when crystalline amber coloured needles (0°24 g.) 
separated out, which when filtered and washed first with dilute acetic 
acid and then with water to remove traces of unchanged base, 
melted at 240-41° (decomp.) after drying in vacuum. (Found: N, 
11°9. Cg,;H3;Ng'NO requires N, 11°3 per cent.). 


Holarrhimine, 


Holarrhimine was precipitated from aqueous solutions of its salts 
by concentrated ammonin as a gelatinous mass and in a more filter- 
able form by caustic soda solution. It crystallised out of ethyl 
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acetate in colourless star-shaped radiating needles (cf. Fig. 2), m.p. 
183° (Corr.). It is very soluble in alcohol and chloroform and 
almost insoluble in ether and petroleum ether. In 4°793 p. ec. 
chloroform solution it shows a rotation of [a]3°=—14'19°. The rota- 
tion was found to diminish on long treatment of the base with 
hydrochloric acid. After drying in vacuo at 100° the base gave the 
following analysis. (Found: C, 75°6, 75°8; H 11°1, 11°0; N, 83. 
C,g,Hs,ON, requires C, 75°9; H, 10°8; N, 8°4 per cent.) 

Holarrhimine is a diacid base, has no OCH, or N-CHg group, 
but shows the presence of three active H. (Found: H, 0°88. 
Cy,;H3¢6 ONg requires H, 0°90 per cent.). 

Holarrhimine carbonate separated out as a bulky amorphous 
powder on dissolving the base in moist ethyl acetate and passing 
CO, through the solution. When washed with ethyl acetate sa(urat- 
ed with CO, and dried in the air it begins to give off CO, from 
80° upwards without showing any definite sign of melting It dissolves 
in acids with effervescence, is fairly soluble in alcohol and insoluble in 
other organic solvents in the cold. 

Holarrhimine hydrochloride was prepared by adding ethereal 
hydrochloric acid to a chloroformic solution of the base, m, p. 345° 
(decomp.). Itis very soluble in alcohol, less so in water, and 
sparingly soluble in 10 p. c. aqueous or alcoholic HCl. It crystallises 
from water in star-like aggregates of broad plates. In 2°193 
p. c. methy! alcoholic solution it shows a rotation of [a]%°=—22°80°. 
(Found :Cl, 17°2. C.,H3,ON 9, 2HCI requires Cl, 17°5 per cent.). 

Holarrhimine chloroplatinate, prepared as in case of conessi- 
mine, forms a cream coloured powder, insoluble in alcohol 
or water, darkens at 270° and chars above 300° without 
melting. (Found:Pt, 26°2. C,,;H;,ON,, 2HCI, PtCl, requires Pt, 
26°3 per cent.). 

Holarrhimine hydrobromide was prepared by dissolving the 
base in dilute HBr and allowing it to cool, when it came out asa 
crystalline mass. On recrystallisation out of water in which it is 
sparingly soluble it formed star-shaped aggregates of thin plates and 
broad needles, m. p. 358-60° (decomp.). 

Holarrhimine picrate, prepared by adding dry ethereal picric acid 
to an alcoholic solution of the base, formed a heavy crystalline 
powder, m. p. 198-200° (decomp.). It crystallises from hot water, 
in which it is fairly soluble, in brilliant yellow plates with a silky 
lustre, apparently in hydrated form (m. p. 108-10°). 


6 
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Holarrhimine sulphate was prepared by dissolving the hydrochlo- 
ride in methyl] alcohol and adding dilute sulphuric acid to the solution 
till beginning of turbidity at water-bath heat, when it soon crystallised 
out in snow-white silky needles and spangles, m. p. 337°. It is 
almost insoluble in water and all the organic solvents. 


Holarrhine. 


Holarrhine crystallised from a mixture of methy! alcohol and 
ethyl acetate in white needles, m. p. 240°. It is very soluble in 
methyl and ethyl alcohols, sparingly so in chlorof»xrm. and almost 
insoluble in ethyl acetate, ether and petroleum ether. (Found:C, 
67°4; H, 10°38; N, 6°5. CogH3gO3Ny requires C, 67°8; H, 10°7; 
N, 7°9 per cent.). In 4°992 p.c. methyl alcoholic solution, it 
shows a rotation of [a]4?=-17°01°. It gives a distinct precipi- 
tate on addition of sodium nitrite solution into its acetic acid solu- 
tion and so appears to be a secondary base. 

Halarrhine chloroplatinate was obtained on addition of a cooled 
8 p. c._ platinic chloride solution to a cooled aqueous solution 
of the hydrochloride as a yellowish amorphous powder darkening 
from 270° onwards, and charring above 300°. (Found: Pt, 25°4. 
Co9H3g03Neg, 2HCI, PtCl, requires Pt, 25°5 per cent.). 

Holarrhine picrate, prepared as in case of holarrhimine, formed a 
pale yellow semi-crystalline powder which begins to darken at 275°, 
but does not melt upto 320°. 


Conessine. 


Conessine crystallises out of acetone in large prismatic plates, 
but from more dilute solutions as long flat needles or 
aggregates of shorter needles, if allowed to crystallise slowly and 
completely undisturbed. On stirring, however, the needles 
abruptly changes into plates. If carefully dried, the needles can be 
collected as such and show the same m. p. as the plates. (Found: 
C, 80°9; H, 11°38. Co,gH,oNg requires C, 80°8; H, 11°38 per cent.). 

_ Conessine hydrochloride, prepared by adding ethereal HCl toa 
solution of the base in dry ether, formed a white powder, which 
browned up at 335° and melted at 338-40° (decomp.). 

Conessine hydroiodide, prepared Ilke conessimine hydroiodide, 
formed long colourless bars, m_ p. 308° (decomp.). (Found: TI, 41°2. 
Cg4H4oNg, 2HI requires I, 41°6 per cent.). It is difficultly soluble in 
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water, fairly soluble in methyl alcohol, less so in ethyl alcohol and 
in other organic solvents. 

Conessine picrate was obtained by adding ethereal picric acid to a 
dry ethereal solution of the base as a brilliant yellow semi-crystalline 
powder m. p. 222-24° (decomp.). It crystallises out of hot 
water in stars of crowded needles. 

Conessine oxalate, prepared by dissolving the base in 10 p. ec. 
aqueous oxalic acid. formed a white crystalline powder which on 
recrystallisation out of water melted at 372° (decomp.). 


Colour reactions of the alkaloids of Holarrhena antidysenterica. 


Reagent. Conessimine. Conessine. Holarrhimine. Holarrhine, 
Conc. Colourless; after Same as Yellowish red; Same as 
H,80, standing for $ hr. or conessimine. then bright red; holarr 

on warming for »bout water lightens colour. himine. 


5 min. bright golden 
yellow to orange; 
on addition of water, 


violet. 
HNO; Colourless Do Colourless Do 
Conc. Yellowish greeu to Ssmeas Deep green, water Same as 
H,S0, deep green according conessimine. lightens colour. holarrbhimine, 
and to concentration; on 
K,Cr30, adding water colour 
lightens. 


Erdmans Golden yellow; on Do Deep red Do 
adding drops’ of 

reagent water turns succes- 
sively green, blue and 
then violet. 


Frohdes Grass green, then Do Yellowish green; 
deep green; colour on warming brown 
reagent lightens on addition with @ greenish 
of water. yellow tinge; on 
adding a little water 
deep reddish brown, 
on furthur dilution 

deep red. 

Resgaack InstiToTEe, 
Received August 25, 1982. 
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Metallic Cerium in Organic Synthesis. 
By JaGaraJ Bewart Lat aNp SIKHIBHUSHAN DoTT. 


Since the middle of the ninteenth century various metals, ¢.g., 
sodium, potassium, silver, zinc, copper, mercury, magnesium, alumi- 
num, etc., have been used more or less successfully in organic 
synthesis, but the metal cerium which has been a chemical curiosity 
for quite a long time and whose commercial manufacture has been of 
comparatively very recent origin, has not received any application in 
organic synthesis upto this time. Consequently the present investi- 
gation was undertaken. Details of the successful experiments are 
given in the experimental part, while those of the unsuccessful 
attempts are omitted. 


EXPERIMENTAL. 


Dry distillation with cerium powder.—In these experiments 
various organic compounds were submitted to dry distillation with 
cerium powder in a current of pure hydrogen in accordance with the 
method already described by Ray and Dutt (J. Indian Chem. Soc., 
1928, 5, 103 ; cf. also Chakrabarty and Dutt, ibid., p. 513). The 
results are summarised in the table below. 


Substance. ——- of Main product. Yield. By-products. 
Phenol 470° benzene 39% diphenyl 
Resorcinol 500°-540° ~ 42 phenol 
Hydroquinone on ‘ 40 - 

Pyrogallol - a 27 phenol, catechol 
a-Naphthol %» naphthalene 60 nil 
8-Naphthol ” ” 66 nil 
a-Nitronaphthalene a a-napbtbylamine 49 nr phthalene 
p-Nitrotoluene o» p-toluidine 33 toluene 
Salicylic acid ” benzene 61 phenol 
Phthalic anhydride dull red heat phtbalide 12 benzaldehyde 


Bengoio acid ” benzene 30 diphenyl 
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Substance. po to of Main product. Yield. By-products. 
p-Nitrophenol dull red heat aviline 32%  p-aminophenol 
o-Nitrophenol ” - 37 o-aminophenol 
Azobenzene »» * 32 nil 
Anthraquinone a anthracene 61 nil 
Phenanthraquinone 0 phenanthrene 54 nil 
p-Nitroaniline 400° p-phenylenediamine 32 apiline 
Benzophenone ” diphenylmethane 59 nil 
Thiodiphenylamine dull red heat carbazole 56 hydrogen sulphide 


Friedel and Craft's Reaction with Cerium Powder, 


Triphenylmethane from benzal chloride and benzene.—Benzene 
(18°7 g.), benzal chloride (8°6 g.) and cerium powder (5 g.) were re- 
fluxed together on a water-bath for 10hours. The dark violet product 
was filtered from the excess of cerium and fractionated to remove 
benzene and benzal chloride. The solid residue crystallised from 
alcohol in needles, m. p. 92° and was identified to be tripheny]- 
methane, yield 1°2 g. 

Triphenyl carbinol from benzoyl chloride and benzene.—A mixture 
of benzene (50 g.), benzoyl chloride (15 g.) and cerium powder (4 g.) 
was heated under reflux for 15 hours. Dark red product was frac- 
tionated as above and the fraction above 250° crystallised in yellow 
needles from alcohol, m. p. 160° and identified as tripheny! carbinol, 
yield 7°2 g. 

Benzoylbenzoic acid from benzoyl chloride and benzoic acid.— 
Benzoyl chloride (7°5 g.), benzoic acid (6 g.) and cerium powder (4 g.) 
were refluxed at 160° for 12 hours. The dark violet product was treat- 
ed with dilute hydrochloric acid and steam distilled until benzoic acid 
ceased to come over. The hot filtrate deposited needles of o-benzoyl- 
benzoic acid on cooling, m. p. 128°, yield 51 g. 

Triphenylchloromethane from benzotrichloride and benzene,— 
Benzotrichloride (6°3 g.), benzene (20 g.) and cerium powder (3 g.) 
were heated under reflux for 14 hours. The dark red product was 
fractionated at 15 mm. from an oil-bath at 150° until nothing further 
distilled over. The solid residue crystallised from carbon disulphide 
in pale yellow prisms, m. p. 106° and was identified to be triphenyl- 
chloromethane, yield 1°5 g. 
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Diphenyl from benzene and bromobenzene.—Benzene (12 g.), 
bromobenzene (8°5 g.) and cerium powder (4g.) on refluxing for 
20 hours gave very feeble reaction. The yield of dipheny! isolated on 
fractionation was only 0°25 g., m. p. 68°. 

Diphenyt from chlorobenzene and benzene.—Reaction was carried 
onas above. Yield of diphenyl from 11g. of chlorobenzene was 
only 0°3 g. 

Diphenyl! from iodobenzene and benzene.—Reaction was carried on 
as above. Yield of diphenyl from 8°1 g. of iodobenzene was only 
0°22 g. 

Triphenylmethane from benzene and chloroform.—Benzene (18 
g.), chloroform (18 g.) and cerium powder (4g.) were refluxed for 
12 hours. The dark violet product was fractionated first at ordinary 
pressure and then at 8mm. over naked flame. The last product 
solidified on cooling and crystallised from alcohol, m. p. 92° and 
identified to be triphenylmethane, yield 2°6 g. 

Anthraquinone from benzene and phthalyl chloride.—Phthaly| 
chloride (10 g.!, benzene (12 g.) and cerium powder (4 g.) were re- 
fluxed at 170-80° for 6 hours. The reaction mixture was treated 
with dilute hydrochloric acid to remove cerium and with dilute caustic 
soda to remove phthalic acid. The benzene was distilled off and resi- 
dual anthraquinone crystallised from acetic acid, m. p. 276°, yield 
3°5 g. 

Benzylidene acetophenone from benzal chloride and acetophe- 
none.—A mixture of acetophenone (3 g.), benzal chloride (4 g.) 
and cerium (1°2 g.) when refluxed at 180-200° for 4 hours gave a ver“ 
vigorous reaction and the product on alcohol extraction yielded 
a crystalline solid. It was recrystallised from ligroin and identified 
as benzylidene acetophenore, m. p. 57°, yield 3 g. 


Zincke’s Reaction with Cerium Powder. 


Diphenylmethane from benzyl chloride and benzene.—Benzene 
(38°5 g.), benzyl chloride (20 g.) and cerium (5°2 g.) were refluxed 
for 10 hours. The dark red product was filtered, washed with water, 
dried and fractionated. The fraction between 250-80° (11°2g. redi- 
stilled at 260-62°) was collected and identified to be diphenylmethahe. 
Lower fractions contained benzene and benzy! chloride and the higher 
fractions triphenylmethane and sym-tetraphenylethane, (4°2 g. and 
1°5 g. respectively). 
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Phenyltolylmethane and dibenzyltoluene from benzyl chloride and 
toluene.—A mixture of benzyl chloride (25'8 g.), toluene (34 g.) and 
cerium (6 g.) was refluxed at 110-20° for 10 hours. The product was 
purified and fractionated as above. The fraction at 260-85° (redistilled 
at 275-82° and then again at 279-80°) was identified to be phenyl- 
tolylmethane (yield 23°1 g.) and that above 310° (subsequently 
redistilled at 390-98°) as dibenzyltoluene (12°4 g.). 

Anisoylphenylmethane from anisvl and benzyl chloride.—Anisol 
(22 g.), benzyl chloride (21 g.) and cerium powder (5 g.) were re- 
fluxed at 110-20° for 8 hours. The mixture was purified and frac- 
tionated as above. The fraction at 300-15° (redistilled at 305-10°) 
was identified to be anisoylphenylmethane i.e. p-methoxydipheny]- 
methane (yield 18°8 g.) and the fraction at 378-80° (9°2 g.) was 
most probably dibenzylanisol but could not be identified for want of 
accurate information. : 

Phenetoylphenymethane from phenetol and benzyl chloride.—-A 
mixture of phenetol (20°4 g.), benzyl chloride (18°2 g.) and cerium 
(5 g. ) were treated as above, and the reaction product similarly 
fractionated. The fraction at 312-45° (redistilled at 338-41°) was 
identified to be p-ethoxydipheny!methane (yield 26°8 g.). The dark 
red residue in the distilling flask crystallised from alcohol in bright 
yellow plates, m.p. 57° and was probably dibenzylphenetoi, but 
could not be identified for want of data (yield 2°1 g.). 

Benzylquinol dimethyl ether from benzyl chloride and quinol di- 
methyl ether.—Quinol dimethyl ether (14g.), bénzyl chloride 
(:0 g ) and cerium (5 g.) were refluxed at 120-30° for 10 hours. The 
product was purified and fractionated as above and the fraction at 
345-60° (redistilled at 354-56°) identified as benzylquinol dimethyl 
ether, yield 14'2 g. 

p-Benzylphenol from benzyl chloride and phenol.—Benzy] chlo- 
ride (16 g.), phenol (21 g.) and cerium (6°2 g.) were heated at 70° 
for 4 hour and then at 120-30° for 6 hours. Reaction was very vigo- 
rous. The product was purified and fractionated as above. The frac- 
tion at 310-30° (redistilled at 320-22°) was identified as p-benzy)- 
phenol (yield 27°6 g.) and the fraction at 360-70° (redistilled at 
865-67°) which was free from phenolic group was identified as p- 
benzylphenol benzyl ether, CgH;CH,’CgH,’O'CH,C,H,, yield 3°2 g. 

Acetophenone from acetyl chloride and benzene.—Benzene (16 
g.), acetyl! chloride (12 g.) and cerium (4 g.) when refluxed for 6 hours 
gave a very vigorous reaction. The product was treated with ice-cold 
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hydrochloric acid and the resulting yellow oil washed, dried and 
fractionated. The fraction at 185°-210° (redistilled at 198-200°) was 
identified as acetophenone, yield 12°2 g. 

Benzophenone from benzoyl chloride and benzene.—On refluxing 
a mixture of benzoyl chloride (10°2 g.), benzene (15 g.) and cerium 
(3°5 g.) for 12 hours, the product was filtered, washed with strong 
caustic soda and water, dried and fractionated. The fraction at 
300-15° solidified in the receiver and after recrystallisation from 
alcohol (m. p. 47°) it was identified as benzophenone, yield 2°9 g. 


Reformatski’s Reaction with Cerium Powder. 


A mixture of acetophenone (12 g.), ethyl chloroacetate (12 g.), 
cerium (10 g.) and dry benzene (70 g.) was refluxed with the 
addition of a minute crystal of iodine for 2 hours. Reaction was 
very vigorous. The product was treated with ice-cold dilute hydro- 
chloric acid, washed with sodium hydroxide and water, dried and 
fractionated at 5 mm. The fraction at 112-30° (redistilled at 118-20°) 
was identified as 8-phenylmethylhydroxypropionic ester, yield 6°1 g. 

The above reaction was tried with ethyl bromoacetate instead of 
ethyl chloroacetate, yield 9°3 g. 


Ullmann's Keaction with Cerium Powder. 


Diethyl succinate from ethyl chloroacetate and ethyl acetate.—A 
mixture of ethyl chloroacetate (12 g.), ethyl acetate (10 g.) and 
cerium (3 g.) was refluxed at 110-20° for 12 hours and the product 
filtered, washed, dried and fractionated. The fraction at 200-20° (re- 
distilled at 216-18°) was identified as diethyl succinate, yield 3°8 g. 

Adipic acid from B-iodopropionic acid.—When 8-iodopropionic acid 
(5 g.) was heated with cerium (8 g.) at 160-70° for 3 hours 
much iodine liberated. The product was extracted with hot water 
and the aqueous solution on concentration gave adipic acid crystal, 
m.p. 148°, yield 0°7 g. 

Diphenyl from bromobenzene.—Bromobenzene (8 g.) and ceri- 
um (12 g.) were refluxed at 170-80° for 20 hours. The product 
was filtered and fractionated. The fraction at 240-60° (redistilled at 
252 54°) solidified on cooling and recrystallised from ether, 
m.p. 70°, and was identified as diphenyl, yield 0°75 g. 

Diphenyl from (i) iodobenzene and (ii) chlorobenzene— Procedure 
was same as above, yields of diphenyl isolated, 0°5 g. from (i) and 
0°28 g. from (ii). 


7 








570 * J. B. LAL AND 8S. DUTT 


Diphenyl ether from phenol and bromobenzene.—A mixture of 
phenol (9°5 g.), bromobenzene (17 g.), cerium (5 g.) and anhydrous 
potassium carbonate (0°5 g.) was refluxed at 180-200° for 10 hours. 
The filtered product was steam distilled and the distillate was extracted 
with ether. The extract was washed with dilute caustic soda and 
water, dried and fractionated. The fraction at 240-69° (redistilled at 
253-54°) was identified as dipheny] ether, yield 3°5 g. 

Diphenylamine from aniline and bromobenzene.—Auiline (l2 g.), 
bromobenzene (16 g.) and cerium (3 g.) were refluxed at 180-200° 
for 10 hours. The filtered product was fractionated and the fraction 
at 300-20° solidified, and recrystallised from alcohol, m. p. 52°, 
and identified as diphenylamine, yield 2°8 g. 

Succinic acid from chloroacetic and acetic acids.—A mixture of 
sodium chloroacetate (11°5 g.), anhydrous sodium acetate (8 g.) and 
cerium (4 g.) when heated at 110-20° for 1 hour gave a very 
vigorous reaction. The product was extracted with water and ammo- 
nia added in slight excess to precipitate ceric hydroxide. The boiled 
and neutral filtrate was treated with ferric chloride when ferric 
succinate was precipitated. This was decomposed in aqueous sus- 
pension by hydrogen sulphide and from the filtrate succinic acid 
was extracted with ether, m.p. 185°, yieid 2°9 g. 


Neutral Reduction with Cerium Powder. 


Picramic acid and triaminophenol from picric acid.—Picric acid 
(10 g.) in aleoh>l (70 p.c.) containing ammonium chloride (4°5 g.) 
was vigorously shaken with cerium powder (25 g.) in a shaking 
machine. After 10 hours the product was -completely reduced and 
yielded 63 p.c. of triaminophenol. After 5 hours the product consis- 
ted of a mixture of picramic acid (85 p.c.) and triaminophenol 
(5 p.c.). 

Sulphanilic acid and dimethylaniline from methyl orange.— 
Methyl orange (6°5 g.), water (1500 c.c.), cerium (15 g.) and 
ammonium chloride (3°5 g.) were shaken together for 3 hours. The 
product resolved into sulphanilic acid (21 g.). and dimethylaniline 
(L°9 g.) with complete reduction. 

o-Aminophenol from o-nitrophenol.—o-Nitrophenol on similar 
treatment as above yielded o-aminophenol (79 p.c.). 

Benzhydrol from benzophenone.—Benzophenone (6 g.), alcohol 
(150 c.c., 70 p.c.), ammonium chloride (3 g.) and cerium (6 g.) 
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were shaken for 20 hours. 5°4 G. of benzhydrol (m.p. 66°) were 
obtained. 

Aniline from nitrobenzene.—Nitrobenzene (6 g.), ammonium 
chloride (0°5 g.), water (100 c.c.) and cerium (16 g.) were shaken 
for 4 hours, then warmed on the water-bath for 1 hour with addi- 
tion of more cerium (12 g.). Yield of aniline 3°5 g. 

p-Toluidine from nitrotoluene.—p-Nitrotoluene on similar treat- 
ment as above yielded p-toluidine (66 p.c. ). 


CHemMIcaL LABORATORY, Received August 25, 1932 
ALLAHABAD UNIVERSITY. 

















A New Synthesis of 3 :10-Dimethoxytetrahydro- 
protoberberine. 


By Satyenpra Nata Caakravarti, N. ANANTHA VAIDYANATHAN 
AND A. VENKATASUBBAN. 


8: 10-Dimethoxytetrahydroprotoberberine (V), which had pre- 
viously been prepared by one of us (Chakravarti and Perkin, J. 
Chem. Soc., 1929, 196) has now been synthesised by a method similar 
to that used for the synthesis of 3: 11-dimethoxytetrabydroproto- 
berberine (Chakravarti, Haworth and Perkin, ibid., 1927, 2265). B-m- 
Methoxyphenylethylamine, prepared by a slight modification of the 
method previously described (J. Chem. Soc., 1927, 2269) was conden- 
sed with p-methoxyphenylacetic acid (prepared by a modification 
of the method of Mauthner, Annalen, 1909, 870, 374 ; Wakeman 
and Dakin, J. Biol. Chem., 1911, 9, 150; Cain, Simonsen and Smith, 
J. Chem. Soc., 1913, 108, 1036) and p-methoxyphenylaceto-f- 
m-methoxyphenylethylamide (I) (m.p. 81°) was converted in a 
yield of more than 80% into 6-methoxy-1(4’-methoxybenzy])-3 :4- 
dibydroisoquinoline (II). The base readily forms a hydrochloride 
and a picrate and oxidises rapidly on exposure to air and is readily 


A~NOMe om 
| 
AtoN/ Ww) / 
A\/NCON —> ‘ 
| | | (~ C 
| | NA | ; | ou 
MeO\/7 \/CHe MeO\/ N\/CH, 
CH, CH, 
(1) (11) 


reduced by zinc and sulphuric acid to 6-.methoxy-1(4/-methoxybenzy))- 
1:2:8:4-tetrahydroisoquinoline (III), a base yielding a crystaliine 
sulphate and picrate. Attempts to convert (III) into 3:10-dimetho- 
xytetrahydroberberine by means of formaldehyde were unsuccess- 
ful, invariably gummy products being obtained. It was ultimately 
found that treatment of the N-formyl derivative of (III) with phos- 
phorus oxychloride gave 3:10-dimethoxydibydroprotoberberine (IV) 
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in 20% yield. The substitution of phosphorus pentoxide for the 
oxychloride did not effect any improvement in the yield. The base 
([V) was not isolated as such, except in a preliminary experiment, 
but directly reduced by. zine dust and hydrochloric acid 
to 3:10 dimethoxytetrahydroprotoberberine (V), m.p. 139°. 
A mixed melting point with a specimen synthesised by the 


OMe /\OMe 
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N\/Nop/\/ A\1\c/\/ 
NH. | l cH 
MeO\Y ~““\/CH2 MeO\/\A\\/ CH2 
CH, CH, CH, 
(III) (IV) 


| | 
Meo\ A» N + igs 
CH, CH 


(V) 


previous method (J. Chem. Soc., 1929, 201) caused no depression. 

The interesting point which arises from this investigation is that 
whilst the first cyclisation, that is to say, the conversion of (I) into 
(II) takes place readily, the second cyclisation, i.e., the conversion of 
(III) into (IV) takes place with much less readiness. This is un- 
doubtedly due to the presence of a para activating methoxy group in 
(1), and the absence of such a group in (III). 


EXPERIMENTAL. 


p-Methoryphenylaceto-m-methoryphenylethylamide, (1).—8-m- 
Methoxyphenylethylamine was prepared by a slight modification of 
our previous method (luc. cit.), the modification consisting in methy- 
lating m-hydroxybenzaldehyde by shaking it with slight excess of 
dimethyl! sulphate in alkaline solution and then heating the product 
for 1 hour on the water-bath. Thus the use of methyl alcohol was 
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obviated and a 90 per cent. yield of m-methoxybenzaldehyde was 
obtained. 

In preparing p-methoxyphenylacetic acid the following modi- 
fication was used : 

The azlactone obtained by the condensation of anisaldehyde and 
hippuric acid was hydrolysed by means of 10 p.c. sodium hydro- 
xide solution, and the alkaline solution was then saturated with sul- 
phur dioxide, the benzoic acid collected, and the filtrate acidified and 
boiled. p-Methoxyphenylpyruvic acid which gradually separated 
was collected and crystallised from glacial acetic acid. This acid 
(m.p. 192°) was oxidised in cold alkaline solution with hydrogen 
peroxide. On acidifying the solution, p-methoxyphenylacetic acid, 
m.p. 86°, separated in beautiful plates and in an excellent yield. 

Equivalent quantities of 8-m-methoxyphenylethylamine and 
p-methoxyphenylacetic acid were heated at 180° for 2 hours. On 
erystallising the product from benzene through the aid of animal 
charcoal, p-methoxyphenylaceto-8-m-methoxyphenylethylamide (I) 
was obtained as colourless plates, m.p. 81°, in a good yield. (Found; 
C, 72°0; H, 7°2. C,sH»,0O;N requires C, 72°2; H, 7°0 per cent.). 

6-Methory-1(4'-methoxybenzyl)-3:4-dihydroisoquinoline, (II1).—The 
amide (I) (10 g.) was heated with phosphorus oxychloride (25 c.c.) 
for 2 hours on the steam-bath and then kept overnight. The 
mixture was decomposed with cold water and the clear solution thus 
obtained was basified with sodium hydroxide in presence of ben- 
zene in @ separating funnel, the precipitate formed being imme- 
diately shaken up with benzene. Theo alkaline solu tion was once 
more extracted with benzene and part of the combined benzene 
extract (A) was dried over potassium carbonate, and concentrated to 
a small bulk when a colourless oil was obtained. 

A crystalline hydrochloride and a crystalline picrate, m.p. 146° 
(Found: C, 56°38; H, 4°6. CU 3yHo.0 Ny requires C, 56°5; H, 4°3 
per cent ) was prepared from the above base by usual methods. 

6-Methozxy-1(4/-methorybenzyl)-1:2:3:4-tetrahydroryisoquinoline, 
(III) was obtained by extracting the benzene extract (A) with 
dilute sulphuric acid, and reducing the acid solution with zinc 
dust. On cooling, the crystalline sulphate was deposited in the form 
of plates. The sulphate was dissolved in water and decomposed with 
ammonia, and the tetrahydro base extracted with chloroform, dried 
over potassium carbonate and the solvent removed, leaving the base 
as on oil. The hydrochloride, obtained by dissolving the oil in hot 
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dilute hydrochloric acid, and cooling, separated as a crystalline 
powder, m.p. 196°. (Found: C, 67°4; H, 71. C,gHeeO,NCl 
requires C, 67°6; H, 6°9 per cent.). The picrate prepared in alcoholic 
solution is sparingly soluble in cold alcohol and separated from this 
solvent as a crystalline powder, m.p. 192° (decomp.). 

3:10-Dimethoxytetrahydroprotoberberine, (V).—This base could 
not be obtained by treating the foregoing base with formaldehyde in 
the usuil manner. This base was obtained ina 20 per cent. yield 
by the following method. The base (III) was heated with equivalent 
amount of anhydrous formic acid in an oil-bath at 200—10° until 
effervescence had ceased (3 hours). The product was dissolved in 
toluene and boiled with phosphorus oxychloride for 1} hours. After 
remaining overnight light petroleum was added and the clear liquid 
decante1 from the dark coloured gum, the latter extracted with 
dilute hydrochloric acid (charcoal), and the solution of dibydroproto- 
berberine reduced by heating with excess of zine dust for 2 hours, 
during which the yellow solution became colourless. ‘he hot liquid 
was filtered, the filtrate decomposed with ammonia, the base extract- 
ed with chloroform, dried over potassium carbonate, the chloroform 
removed, and the residue crystallised from methyl aleohol. On 
recrystallisation from methy! alcohol with the aid of animal charcoal, 
the substance was obtained in beautiful prisms, m.p. 139°. (Found: 
C, 77:1; H, 7°3. C,9H2g,O2N requires C, 77°3; H, 7°1 per cent.). 

In a preliminary experiment, an attempt was made first to get 
8 :10-dimethoxydibydroprotoberberine (IV) in a crystalline state and 
then to reduce it to (V). It was found, however, that 3:10-dime- 
thoxydihydroprotoberberine (IV), crystallised much less readily than 
3 :10-dimethoxytetrahydroprotoberberine (V). 


CHemicaL LaporaTory, 
ANNAMALAI UNIVERSITY, Received September 28, 1932. 


CurpamsBaraM, 8.1. 











An Attempted Synthesis of Oxyprotoberberine and a 
Synthesis of 3-Methoxyoxyprotoberberine. 


By Satvenpra Nata CHAKRAVARTI AND A, P. Mapsavan Narre. 


An unsuccessful attempt to synthesise oxyprotoberberine and 
tetrahydroprotoberberine, the parent substance of the berberine and 
palmatine group of alkaloids, for which the name *‘ Berbin "’ has 
recently been suggested by Walter Awe (Arch. Pharm., 1932, 270, 
161), was first made by Haworth, Perkin and Pink (J. Chem. Soc., 
1 25, 127, 1711). These compounds were first synthesised by one of us 
(S.N.C.) in 1927 (J. Chem. Soc., 1927, 2275), The melting point of 
tetrahydroprotoberberine was found to be 85°, and numerous deriva- 
tives of this compound were prepared. In the same year Kitasato 
prepared a compound having the melting point 254-60°, which he 
called tetrahydroprotoberberine (Acta Phytochim., 1927, 3, 176). 
In view of this discrepancy, we sought to verify our results by 
synthesising tetrahydroprotoberberine by another method analogous to 
that employed by Perkin, Ray and Robinson for synthesising 
oxyberberine (J. Chem. Soc , 1925, 127, 740). For this purpose the 
acid chloride of phthalide-carboxylic acid was condensed with 
8-phenylethylamine when the amide (I) (m.p. 155°) was formed. 
Unfortunately all attempts to convert the amide (I) into oxyprotober- 
berine (II) were unsuccessful, undoubtedly due to the absence of 


| | | ‘ 
\4~CO NEY / Hy AL eH, 
CH CO CH, 
(I) (II) 


activating methoxy groups. When phosphorus pentachloride was 
used to effect cyclisation in place of phosphorus oxychloride, a 
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crystalline substance (m.p. 153°) was obtained in a poor yield. 
This substance was found to be quite different from oxyprotoberberine 
synthesised previously and its analysis did not agree with the 
values calculated for oxyprotoberberine. 

While these experiments were in progress, Wolfgang Leithe 
published a paper which fully confirmed the results obtained 
previously by one of us (S.N.C.). He synthesised tetrahydroproto- 
berberine anew by a slight modification of our previous method and 
found its melting point to be 85° (Ber., 1930, 63, 2343). In view of 
this work, and the fact that Kitasato withdrew his statement in a 
private communication to one of us, further work on this subject 
was discontinued. 

Incidentally, 3-methoxyoxyprotoberberine (IV) was synthesised, 
a synthesis which is of interest from the point of view of the deter- 
mination of ease of formation of alkaloids of berberine-palmatine 
type containing no pyrocatechol nuclei (cf. Chakravarti, Haworth and 
Perkin, J. Chem. Soc., 1927, 2267, 2275; Chakravarti and Perkin, 
ibid., 1929, 196). 

The acid chloride of phthalide-carboxylic acid condensed readily 
ia benzene solution with §-m-methoxyphenylethylamine yielding 
ghthalide-carboxy-8-m-methoxyphenylethylamide (III), m.p. 105°. 
When this was heated with phosphorus oxychloride and the product 
decomposed with ice, a basic substance separated (on basification of 
the aqueous solution), which, on reduction with zinc dust and acetic 
acid, was converted into a pale yellow substance, m.p. 143°, having 
all the properties of a compound of the oxyberberine type, and this 
is doubtless the 3-methoxyoxyprotoberberine (IV). 
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The point of general interest which emerges from this synthesis 
s that the synthetical experiments described proceed as readily when 
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only one methoxy group is present in the meta position to ethylamine 
group, as they do in the case of the corresponding syntheses in the 
berberine group. The ease of formation in this case is doubtless due 
to the presence of an activating para-methoxy group. 


EXPERIMENTAL, 


Phthalide-carbory-8-phenylamide, (I).—Phthalide carboxylic acid 
(10 g.) prepared by the reduction of phthalonic acid which in its turn 
was prepared by the oxidation of naphthalene (Compare Ullmann and 
Uzbachian, Ber., 1903, 36, 1805 ; Graebe and Trumpy, Ber., 
1898, 31, 373), was thoroughly mixed with the equivalent amount of 
phosphorus pentachloride and heated on the steam-bath for 3 hours. 
Phosphorus oxychloride formed was then completely removed by 
distillation in vacuo, and the residue dissolved in dry benzene and 
added gradually toadry benzene solution of 8-phenylethylamine 
(prepared from 9 g. of the hydrochloride). After remaining over- 
night, the mixture was heated on the steam-bath for } hour, cooled, 
and washed successively with sodium carbonate solution and dilute 
hydrochloric acid, and dried over sodium sulphate. On distilling off 
most of the benzene, the amide separated as a white powder (yield 
almost quantitative). On repeated recrystallisations from ethyl 
alcohol it melts at 155°. (Found: C, 72°8; H, 53. C,;H,;0,N 
requires C, 72°6; H, 5°3 per cent.). 

An attempted synthesis of oxryprotoberberine, (II).—An attempt 
was made to convert phthalide-carboxy-8-phenylethylamide (I) into 
oxyprotoberberine, by treating the amide with phosphorus oxychlo- 
ride and then treating the basic substance thus formed with zinc dust 
and glacial acetic acid exactly under conditions described by Perkin, 
Ray and Robinson (loc, cit.) for converting the piperonylethylamide 
of meconine carboxylic acid into oxyberberine (cf. Chakravarti and 
Perkin, loc. cit.). The final product obtained was a brown resinous 
substance which could not be obtained ina crystalline form, and 
which cou d not be further examined owing to the very poor yield. 
Phosphorus pentoxide in boiling xylene solution was then tried as 
the cyclising agent. Again a very poor yield of the same resinous 
substance was obtained. When, however, phosphorus pentachloride 
was used as the cyclising agent, a distinctly crystalline pale yellow sub- 
stance was obtained, which was repeatedly crystallised from methyl 
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alcohol in beautiful needles, m. p. 153°, and is very readily so- 
luble in the usual organic solvents. (Found: C, 72°2; H ,4°45; N, 4°38. 
C,7H,13ON requires C, 82°6; H, 5°3; N, 5°7 per cent.). We are 
indebted for this microanalysis to Dr. Ing. A. Schoeller of Berlin. 
The substance thus formed differs markedly in its properties from 
oxyprotoberberine synthesised by one of us (J. Chem. Soc., 1927, 
2280), and it could not be further investigated owing to the small 
amount of tlie substance at our disposal. 
Phthalide-carbory-8-m-methoxryphenylethylamide, (III). —8-m-Me- 
thoxyphenylethylamide was prepared by a slight modification 
of the method previously described by one of us (Chakravarti, 
Haworth and Perkin, loc. cit.), m-hydroxybenzaldehyde being me- 
thylated in the following manner in more than 90 per cent. yield. 
50 G. of m-hydroxybenzaldehyde dissolved in 200 c.c. of 10 p.c. 
sodium hydroxide solution, was treated gradually with constant 
shaking with 55 c.c. of dimethyl sulphate. When all the dimethy! 
sulphate had been added, the mixture was further shaken for a few 
minutes and then warmed on the water-bath for 1 hour. m-Me- 
thoxybenzaldehyde formed was then separated in the usual manner. 
m-Methoxyphenylethylamine was then condensed with the acid 
chloride of phthalide-carboxylic acid exactly under the conditions 
described above for the amide (I). Phthalide-carboxy-8-m-methoxy- 
phenylethylamide was thus obtained in almost quantitative yield. 
It crystallises in clourless plates, m. p. 105°. (Found: C, 69° 6; H, 
6°6. C;gH,70,4N requires C, 69°4; H, 5°5 per cent.). 
3-Methoxyoxyprotoberberine, (IV).—The amide (III) (12 g.) was 
mixed with freshly distilled phosphorus oxychloride (120 c.c.), and 
the mixture heated for 6 hours on the water-bath. A copious evolution 
of hydrogen chloride was observed, the liquid gradually undergoing 
a change in colour through yellow to dark red. The mixture was 
decomposed by means of cold water and the liquid filtered, leaving 
a dark resinous residue. The yellow filtrate was then basi- 
fied when an orange-red precipitate was obtained. This substance 
was collected, well washed with water. dried in the air, and boiled 
with zinc dust (25 g.) and glacial acetic acid (135 c.c.) for 6 minutes. 
Then more of zinc dust (25 g.) added and the whole mixture further 
boiled for 4 hour. The cooled solution was diluted with a large 
amount of ethy] acetate, filtered and washed several times with dilute 
hydrochloric acid, then with aqueous sodium hydroxide and finally 
with water. The solution was dried over potassium carbonate and 
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the solvent removed by distillation. A yellow crystalline residue 
was left behind, which was repeatedly crystallised from alcohol, as 
beautiful needles, m. p. 143°, yield 2°5g. (Found: C, 78°83 ; H, 
5°5. ©,gH,,0,N requires C, 78° 0; H, 5°4 per cent.). 

We wish to thank Dr. B.B. Dey of the Presidency College, 
Madras, for having kindly permitted the analyses required during 
investigation to be carried out in his laboratory. 


CuemicaL LABORATORY, 
ANNAMALAI UNIVERSITY, 
CuipamBaRaAM, 8. I. Received September 28, 1982. 
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A Study of the Conductivity of Solutions of Zinc 
oxide in Caustic Soda Solution. 


By FrepericK RowLANDSON SNELL. 


A study of the conductivity of solutions of alumina in caustic soda 
solution by Mata Prasad, Mehta, and Joshi (J. Indian Chem. Soc., 
1930, 17, 973) has suggested the existence in these solutions of sodium 
aluminate complexes with a jower ratio of Al gO, : NagO than any 
of the well established sodium aluminates. In the present work 
an attempt has been made to see whether similar evidence is forth- 
coming in the case of solutions of zinc oxide in caustic soda _ solutions. 

The literature dealing with the study of the constitution of solut- 
ions of zinc oxide in sodium hydroxide can be conveniently classified 
under three headings :— 


(a) Study of the phase rule equilibria (solubility etc.), 

(b) Study of hydrogen Ion concentration by e.m.f. measurement. 

(c) Study of conductivity. 

(a) The greater part of the published work on solutions of ZnO 
in NaOH solution falls under this head. A large variety of solid 
phases have been reported, and much of the disagreement in the 
results of the different workers is no douht due to indeterminacy of 
the solid phase. The most important references are those ol Muller 
and Fauvel (Z. Elektro Chem., 1924, 38, 140), Fricke (Z. anorg. Chem.., 
1924, 136, 321, 344) and Goudriaan (Rec. trav. Chim., 1920, 39, 
505). Other references are Robenbauer (Z. anorg. Chem., 1902, 30, 
331), Klein (ibid., 1912. 74, 157), Gutbier (ibid., 1924, 176, 363), 
Dietrich and Johnston (J. Amer, Chem, Soc., 1927, 49, 1419) 
and Forster and Gunther (Z. Eektro Chem., 1899, 6, 301), (b) 
Britton (J. Chem. Soc., 1925, 127, 2120) used the hydrogen electrode 
to follow the changes in py during the titration of Zn’ solutions 
with alkali. He found no inflections in the curve corresponding 
either to NaHZnO, (here contradicting Hildebrand’s earlier work— 
J. Amer, Chem. Soc., 1916, 38, 785) or to Nag ZnOg. 

(c) Certain conductivity measurements were made by Hantzsch 
(Z. anorg. Chem., 1902, 30, 289) in order to ascertain the existence 
of colloidal Zn(OH)gin zincate solutions. He concluded that the 
colloidal form is present to a great extent, but he is ruthlessly 
criticised by Klein (loc. cit.). Certain e.m.f. measurements done 
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in 1927 by Dietrich also indicate that practically all the zincate in the 
solution is in the ionic form. Dietz, Dans and Tower (J. Phys. 
Chem., 1929, 88, 605) however succeeded in preparing colloidal 
solutions of Zn (OH)g. 

This survey indicates that the only complexes for which there is 
any considerable amount of evidence are those in which the ratio 
ZnO: Na,O is either 2: lor 1: 1(n=2orn=1). Butsince in the 
case of the aluminates Mata Prasad (loc. cit.) found discontinuities 
in the ratio-conductivity curves at the values 2: 8, 1: 2, 2:5. 1:8, 
1:4, for the ratio AloO,:Na,O, it seemed worth while to examine 
the ratio-conductivity curves in the case of ZnO for similar evidence, 
although it is not possible to prepare solutions of ZnO in NaOH 
solutions having a value for ‘n’ of even as high as 0°5. 

In the present work therefore an attempt has been made to gain 
information regarding the existence of complexes in strongly alkaline 
solutions by following the method used by Harman (J. Phys Chem., 
1925, 29, 1155) for sodium silicate, and by Mata Prasad for sodium 
aluminate. Their method consisted in obtaining the conductivity 
ratio (ratio of SiO, or Al,O,; to Na,O) curve. But the points 
on this curve were not obtained directly but indirectly from the 
measured conductivity-dilution curves at various ratios. This indi- 
rectness of their method has serious disadvantages in such strongly 
alkaline solutions in which impurities are very difficult to avoid. In 
the present work therefore the conductivity-ratio curves are directly 
determined. 


EXPERIMENTAL. 


In the present experiments the strongest solution of ZnO in 
NaOH solution obtainable was placed in the conductivity cell, and 
a solutinn of NaOH of the same normality (with respect to NaOH) 
was added from a burrette, the change of conductivity being measur- 
ed meanwhile. The solution being very concentrated and the con- 
ductiviy therefore high, a special form of cell was de -igned and made. 
This is shown in Fig. 1, The electrodes are formed by platinum 
wires fused through the ends of the glass tubes FF’ (Fig. 1), ground 
flush with the glass and then covered with platinum black in the 
usual way. These tubes are supported rigidly by the wooden block 
B which is screwed down to a coller A, clamped round the neck of 
the flask in such a way that the position of the electrodes in the flask 
is rigidly determined. With a cell of this design the correction 
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of the cell constant for the variation in the volume of liquid in the 
flask was reduced to very small dimensions. The resistance of the 
solutions was measured in the ordinary way with a Wheatstone 
bridge circuit, using a buzzer and telephones. The estimated accuracy 
of the measurement of conductivty is about +1%. 

The analyses of the solutsons gave some difficulty at first. It 
was found, however, that the NaOH can be accurately titrated in 
presence of ZnO by using the indicator Brilliant Cresyl Blue. This 
method would not be applicable in dilute solutions, The ZnO in 
solution was determined by titration with K,Fe(CN), solution, using 
diphenylamine as an indicator (J. Amer, Chem. Soc., 1927, 49, 356). 
This titration was found extremely satisfactory. The cell flask was of 
Monax glass, but all other glass vessels used in making up the solv- 
tions were of Kavalier glass since this contains a larger proportion of 
alkaline oxides, aud may therefore be expected to be more resistant 
to the strongly alkaline solutions used. Kavalier glass has also the 
advantage of bsing free from Zn and Al. 

The NaOH used was Merck’s pure sticks. These were dissolved 
in about an equal weight of water, keeping the solution cool, to 
give a solution of about 16N. This was then allowed to stand 


Fig. 1. 











A An0dUjar split collar with cork washer clamped rigidly by means of two screws (not 
shown) round the neck of the 150 c.c. Monask Flask E. 

B. Wooden block carrying electrode tubes FF’ and terminals (not shown) t o which 
the lead wires GG’ are connected. There is also a third hole (not shown) through 
the block by which the nozzle of the burrete is introduced. 

CD and C’D’. Brass bolts and nuts by means of which B can be screwed firmly down 
onto A. 

HH’, Platinum wires, fused through the ends of the tubes FF’, ground flush with 


the glass, and blacked with platinum. 
9 
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for several days, until all solid matter (NagCO, etc.) had settled. 
It was then carefully siphoned off and diluted for use as required. 
This precedure avoids the highly undesirable filtration through 
glass-wool. The ZnO used was Merck’s ‘Pure’, which analysis 
showed to be 99°5% ZnO. It was found necessary to boil the ZnO 
with the NaOH solution in order to get it todisolve. With 14.N 
alkali, indicated by Muller’s curves as the best to use, the maximum 
ratio of ZnO: Na 0 obtainable was found to be about 0°400. This 
solution was allowed to settle and the clear liquid diluted for use as 
required. A check made with alkali only, boiling for a similar 
length of time and under similar conditions showed no appreciable 
change of conductivity due to the heating. 

In each experiment 50 C.c. of the ZnO solution were placed in 
the cell and the conductivity measured. Alkali of the same normal- 
ity (as calculated from the titration with 1°0N acid with Brilliant 
Cresyl Blue as Indicator) was then added from a burette, and the 
conductivity determined at intervals. If‘v’ was the volume added, 
and n, the initial ZnO: Na,O ratio as determined by analysis, n, wa: 
calculated from the formula :—n,=n, x (50/50+v). Check ana- 
lyses at the end of each experiment showed that this method of calcu- 
lation (neglecting possible volume changes) was satisfactory. Parti- 
cularly in the more concentrated. and therefore more viscous, 
solutions, time had to be allowed for equilibrium to be reached, but 
if the solution was frequently shaken, 30-40 minutes were found to 
be sufficient for this. The ZnO solutions were kept for at least a week 
after being made up before they were used. All experiments were 
carried out in an electrically regulated thermostat at 25°0° witha 
maximum temperature variation of +0°03°. 

At the beginning and end of each experiment the electrodes were 
transferred to KCl solution to verify that no change had taken 
place in the cell-constant, due to action of the solution on the 
electrodes. The cell-constant was determined with 0°1N KCl 
solution. 


Results. 


The results are given in Table I, and plotted in Fig. 2. ‘n’ is the 
ratio of mols. ZnO to mols. Na,O; A is the equivalent conductivity 
103.K 
NR ' 
where K is the cell-constant; / the observed resistance, and N the 


with respect to normality of NaOH, calculated from A = 
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normality with respect to NaOH. The curves are nearly linear, but 
show a slight concavity towards the ‘n’ axis. There is, however, no 
evidence of any discontinuities in any of them over the range 
covered. The four points from Experiment B, which are shown in 
Fig. 2 in brackets, are of some interest in connection with the time 
lag. In determinining all other points in Experiment B, a time of 
not less than 40 minutes was allowed to elapse after addition of the 
alkali. But in the case of the four points mentioned, the time 
intervals were only 15, 15, 7, 7, minutes respectively. 


Fig. 2. 


A= Eq. Conductivity. 











n=mols.ZnO/mols.Na,O. 
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TaB.e I, 
Temp. 25°. 
Normality of Normality of 
NaOH=11°7 NaOH=8°'7. 
Exp. A. Exp. B. Exp. C. Exp. D. 
NaOH—11-7N. NaOH—8°7 N NaOH —6-0N NaOH—4-1N 
n A on A n x oo” a 
0-364 7°59 0-382 17°6 0-380 36°7 0-380 58-9 
0-351 7°72 0:367 18-0 0-359 37-4 0-364 59°9 
0-339 7°96 0-347 18°7 0°341 38°3 0°336 61°3 
0°322 8°44 0°324 19°5 0°312 39°7 0°295 63°6 
0°303 8°80 0°303 20°1 0°283 41°3 0°262 66°1 
0°272 9°48 0°281 20°6 0°255 42°8 0°234 67°8 
0°242 10°29 0°262 21°2 0°227 44°5 0°196 71°00 
0°212 10°98 0°242 21°7 0°200 46°3 0°164 74°2 
0°183 11°67 0°222 22°5 0°186 47°5 0°147 75°7 
0°150 12°60 0°222 23°4 0°169 48°6 0°000 89°6 
0°000 16°96 0°204 24°2 0°150 49°8 
0°185 25°2 
0°159 25°9 
0°189 27°0 
0°000 33°7 


A similar set of experiments done at 30°, with Jess satisfactorily 
regulated experimental conditions, using solutions from 2°5 to 11°0N, 
also showed no sign of any discontinuity. 

The curves thus show no indication of any complexes, with a 
value for ‘ n ’ of less than 0'4, formed in the solutions. 

The ratio of the equivalent conductivity of the solution contain- 
ing the ratio 1:3 (n=0°333) to the equivalent conductivity of the 
NaOH solution of coprresponding normality, varies from about 45% 
to 75% in the solutions dealt with, being smaller in the more con- 


centrated solutions. 


Comparing this with Mata Prasad’s curves it 


will be seen that the slope in the present case is considerably less. 
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Additional Note. 


A single experiment has also been carried out with the apparatus 
described above on a solution of alumina on sodium hydroxide 
solution. The alumina content of the solution is subject to slight 
uncertainty but the part of the ratio-conductivity curve covered is 
roughly that from n=0° 400 to n=0°220 (n=ratio-mols. AlyO ;/mols. 
Na,O). The discontinuities found by Mata Prasad (loc. cit. p. 979) 
in this curve at the ratios 1:3 and 1:4 are certainly well taken in by 
the present experiment. Tho normality of the solution with respect 
to NaOH is 1°44. The 9 points determined approximate closely to 
a straight line. There is, in particular, no sign whatever of the 
very remarkable reversal of direction found by Mata Prasad at the 
ratio 1:3. It is hoped that it may be possible to extend these 
experiments on alumina solutions. The author wishes to acknow- 
ledge his debt to Mr. 8. C. Banerjee for assistance in the analysis of 
this solution. 


Summary. 


The conductivity of solutions of Zinc Oxide in Sodium Hydroxide 
solutions is examined at various dilutions with the ratio mols. ZnO/ 
mols. NagO varying from 1:2°5 to1:7. The curves for ratio- 
conductivity are found to show no discontiuuities which might 
indicate the existence of complexes in the solution. 

A brief survey is given of previous work on solutions of zinc oxide 
in caustic soda solution. 


CHemicaL LABORATORY, Received May 9, 1932 
Sr. Joun’s CoLtece, AGRA. 































Determination of Flocculation Values from 
Measurements of the Rate of Coagulation 
of an Avsenic Sulphide Sol. 


By D. N. Guosa. 


Numerous investigators have determined flocculation values from 
measurements of the time required for the production of a certain 
state of turbidity of the sol. Flocculation values thus determined 
are not strictly comparable as they refer to a transitory state during 
the process of coagulation. It is much more important to measure 
the velocity of coagulation as coagulation is really a process of the 
progressive growth of particles. Before a change in a physical 
property of a sol, e.g., of turbidity, change in viscosity etc., can be 
made the basis for the determination of flocculation values, it must 
be clearly shown that the rate of flocculation goes parallel with 
changes in the physical property chosen. Gann (Koll. Chem Beih., 
1916, 8, 64) attempted to study the rate of coagulation of aluminium 
hydroxide sol by measuring the rate of change of viscosity, but his 
measurements are doubtful as the assumption that the rate of change 
of viscosity is proportional to the velocity of coagulation is not strict- 
ly valid. In the present paper an attempt has been made to deter- 
mine flocculation values from measurements of the velocity or the 
rate of increase of turbidity of arsenious sulphide sol with different 
electrolytes. 

Duriog the measurements a Nutting colorimeter was adapted to 

\ function as a tyndallmeter. A 
’ 130 C.P. point-o-lite lamp is 
placed at S (Fig. 1). By means 
of asystem of lenses the light 
was rendered parallel and was 
then passed through a Zeiss 
monochromatic filter L, which 
transmitted 80 per cent. of the 
Hg green line 5461. By means 
of two slits s; and sy part of the 
Parallel beam was allowed to 
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pass through the rectangular cell 

V C, containing the sol-electrolyte 

Fia. 1. mixture, whereas another part 

was allowed to fall on a right angled prism and was totally reflected. 
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The intensity of the scattered beam was compared with the intensity 
of the beam directly retilected from the right angled prism by means 
of the tyndalimeter. A sample of arsenious sulphide sol was 
prepared by the usual method and different volumes of electrolytes 
were added to lc.c. of the sol, the total volume being made up 
to 4c.c. in every case. The sol-electrolyte mixture was immediately 
transferred to the cell and the change in the intensity of the 
scattered beam with time was followed on the tyndallmeter. To 
eliminate the disturbing effects of the stabising ions the electrolytes 
chosen were such that the negative ion was the same throughout. 
Mecklenberg (Kolloid Z., 1915, 16, 97), using Odén’s sulphur sol 
has shown that the intensity of the scattered beam is proportional to 
the size of the particles of diameters between the limits 5-95us. 
Bechold and Hebler (ibid., 1932, 31, 70) using barium sulphate 
suspensions has shown that the above relationship is valid for 
particles of size up to 800un. In the present experiments the obser- 
vations are mainly confined to the earlier stages of the process. 
Consequently it seems reasonable to assume that the rate of change 
of the intensity of the scattered beam is proportional to the rate of 
growth of the particles. The experimental data obtained are given 


in the following table. 


TaBe I. 
Electrolyte—HCl. 
Expt. Electrolyte Rate of Coagulation. 
No. cone. 
millimol/litre Time Scale reading. 0 tan é 
min. sec. 
I 31 25 0 18 0 
6 0 01 1 02 
14 30 0 2 
II 45 2 21 0 5 
3 56 1 8 5 08 
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TABLE I,—contd. 


Electrolyte—HC\I. 
Expt. Electrolyte Rate of coagulation. 
No. conc. 
millimol. /litre Time Scale reading. 0 tan @ 
min, sec, 
l 
{II 50 0 8 0 
1 15 0 38 
2 21 1 3 12 a1 
4 6 1 8 
5 6 2 0 
IV 56 2 0 18 0 2 
0 51 1 O 
1 21 1 7 
8 2t 2 4 
5 30 2 6 
V 59 37 0 18 0 3 
0 36 0 6 45 1 0 
1 9 21 
2 3 2 5 
VI 62 5 0 21 0 6 
0 45 1 8 56 1 48 
1 18 2 5 
VII 65 62 0 12 0 5 
9 
° " a = 2 94 
0 54 2 4 
2 3 29 
vill 71 94 0 13 1 5 
0 30 2 5 81 g 31 
0 51 29 
1 21 3 3 


10 
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Electrolyte—HOl. 
Fia. 2. 
7; 
_@ 
3 
_“ 
a 
3 
s 
£ 
> 
Ez 











8 4 5 6 
Time in min. 

The scale readings shown in the table represent the intensities of 
the scattered beams. The scale readings have been plotted against 
time and a series of curves have been obtained. The curve for hydro- 
chloric acid is shown in Fig. 2 which is generally typical of the 
curves obtained with other monovalent electrolytes. Corresponding 
to hydrochloric acid concentration equal to 45 and 50 millimols per 
litre the curve assumes the characteristic shape of the curves for 
autocatalytic reactions. Similar behaviour was observed for all 


monovalent electrolytes. . the rate of change of the intensity 


of the scattered beam with time, has been obtained in the case of 
each electrolyte from the above curves by the graphical method. @, 
the angle between the tangent to the curve at any point and the 


abscisse was read directly when the value of ft for that point 


was known, being equal to tan 6. The values of - so obtained 


were plotted against concentration and the series of curves as shown 
in Figs. 3 and 4 were obtained. 











DETERMINATION OF FLOCCULATION VALUES 595 


Fie. *. 


yy 


10 20 30 40 50 60 70 80 90 
Cone. in sailtimels|tdtre- 





dI/dt 








Fig. 4. 


— >i! /dt 
3 


a 














0.2 0.4 0.6 0.8 1.0 1.2 
Conc. in millimols/litre. 


From a study of the curves (Fig. 3 and 4) which shows the 
variation of the rate of coagulation with change in electrolyte con- 
centration, the flocculation values of the different electrolytes can be 
obtained. The values of C for different electrolytes at any fixed 


value of s give the flocculation values. From the experimental 








596 , D. N. GHOSH 


results it has been found that the flocculation values in the case of 
monovalent electrolytes are in the following order :— 


H<NH,<K<Na<Li 
whereas in the case of the divalent electrolytes the order is :— 
Ba<Sr<Ca<Mg. 


The important factors during a coagulation process are the neu- 
tralisation of the charge on the particle generally by the adsorption 
of an oppositely charged ion and the later adsorption of one or both 
the ions of the coagulator by the electrically neutral aggregates 
formed by coalescence of discharged particles. It is evident that the 
difference in the orders of flocculation values obtained by different 
authors is caused to a large extent by the disturbances due to 
adsorption by flocculated aggregates. To guard against this effect 
in the present experiments observations have been limited to the 
earlier stages of coagulation. 

Oden (J. Phys. Chem., 1921, 25, 311) studied the relative adsorb 
ability of the ions using blood charcoal as the adsorbent, and in the 
case of the alkali metals he obtained the series :— 


Cs>NH,>Rb>K>Na>Li. 
With the alkaline earth metals he obtained the series :— 


Ba>Sr>Ca>Mg. 


Weiser (J. Phys. Chem., 1921, 25, 399) using arsenions sulphide preci- 
pitate as the adsorbent has also obtained the same order for both 
mono-and divalent ions. Since coagulation values can be taken as 
the inverse of adsorption values, it is interesting to note that the 
order of flocculation values as obtained during the present investiga- 
tion is the reverse of the order for the adsorption as obtained by Oden. 
The present experimental arrangement thus appears to be well suited 
for reliable measurements of flocculation values. 

Westgren (Arkiv. kemi., Stockholm, 1918, 7, No.6,1) studied the 
slow coagulation of gold sol and from his measurements it was 
concludedthat the order of the flocculation values changed with con- 
centration of the coagulator. The adsorption isotherms as found by 
Oden (loc. cit.) however, do not support the above conclusion. From 
the present experiments it is evident that the order of flocculation 
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values is fixed for all different concentrations of electrolytes. 
Where discrepancies have been observed, they are due largely to 
defects in the experimental methods of determining flocculation 
values. 

In conclusion I wish to express my thanks to Dr. P. B. Ganguly 
for his kind interest in the work. 


PHysIcAL CHEMISTRY LABORATORY, 
Received September 27, 1932. 


Scrence CoLtacs, Patna. 














A Preliminary Note on a New Method of Synthesising 
Benzopyrylium Compounds. 


By M. N. Goswami AND AmiyA Kumar CHAKRAVARTI. 


While studying some reactions of coumarin, the authors had come 
across a remarkable reaction between it and resorcin in presence of 
phosphorus oxychloride. A mixture of coumarin (8 g.), resorcin 
(6 g.) and phosphorus oxychloride (5 c. c.) was heated with an air 
condenser on the water-bath until the red solution so formed became 
thick. On cooling and being treated with ice-cold dry ether (in which 
both coumarin and resorcin are freely soluble) an orange-red compound 
was precipitated. On washing with dry ether it was obtained 
as brilliant scales from alcohol, m. p. 185° (decomp.). It is 
insoluble in ether, carbon disulphide and other common organic 
solvents except alcohol. It is appreciably soluble in water. It 
dissolves in alkali to a reddish brown solution, the colour of which is 
discharged by acid. It contains chlorine and is highly hygroscopic. The 
compound was kept for about six months in a vacuum desiccator and 
on analysis it was found to contain C, 54°5; H, 5°72;* whilst C, ,H,,- 
0,Cl, 3H,O requires C, 51°79; H, 5°14 per cent. The behaviour 
of the compound is similar to that of benzopyrylium salt and it was 
thought that the compound had the following structure (I) and it had 


been formed in the following way : 
H Cl Cl 


; XY | 
| co a aan sie bom 
LA} mt QO QU 


(Coumarip) 





O — 
ore (YF 


* The extreme hygroscopic nature of the compound causes great 
difficulty in its analysis and this is responsible for the high value of hydrogen. This 
difficulty has been experienced with pyrylium compounds by many other workers. 
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If this representation is correct then the compound is 2/:4!- 
dihydroxy-2-phenylbenzopyrylium chloride. On reference to the 
literature it was found that this compound had not yet been 
synthesised. 

An attempt was then made to synthesise the compound after the 
method of Robinson and Robertson (J. Chem. Soc., 1926, 1951) from 
galicylaldehyde and resacetophenone. It was found that although 
the intermediate styryl compound was easily obtained, the final stage 
to close up the ring always led to the formation of tarry matter. 
The attempt in this direction having proved abortive, the dimethoxy 
derivative of the original compound was prepared by taking dime- 
thoxyresorcin, coumarin and phosphorus oxychloride. It gave a 
ferrichloride as orange-red needle shaped crystals, m. p. 175° (A). 
(Found: Cl, 30°58; Fe, 11°85. C,;H,,03, FeCl, requires Cl, 30°54; 
Fe, 12°04 per cent.). 

This dimethoxy derivative was, however, successfully prepared by 
the ordinary synthetic method, vis salicylaldehyde and dimethoxy- 
resacetophenone. It was obtained (B) as orange-red needle shaped 
erystals, m. p. 175°. (Found: Cl, 30°52; Fe, 12°06. C,,H,,0s, 
FeCl, requires Cl, 30°54; Fe, 12°04 per cent.). Mixed melting point of 
(A) and (B) was also found to be 175°. The compound (A) is therefore 
identical with compound (B) both of which have the following 
structure as proved by synthesis. 

FeCl, 


late 
O OMe 
V4 


This compound, too, has not been synthesised as yet. 

Almost all other phenols and phenolic ethers have been found 
to condense similarly with coumarin and substituted coumarins 
in presence of phosphorus oxychloride to give benzopyrylium 
compounds and they will be published in a future communication. 
The method gives a new and an easy way to prepare various types of 
benzopyrylium salts and undoubtedly opens a vast field of possibi- 
lities which the authors desire to explore. 


DEPARTMENT OF APPLIED CHEMISTY, Received September 15, 1932. 
University CoLtLece or SciENcE 
AND TECHNOLOGY, CALCUTTA. 
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SELECT OPINIONS OF THE PRESS 





“Next to the late Sir Ashutosh Mookerjee, Sir Prafulla Chandra Ray has been 
the foremost Bengali educationist of our time. In his book ‘Life and Experiences 
of a Bengali Chemist”, he states in uncompromising fashion his views on the 
unsatisfactory position into which higher education has drifted in Bengal. Sir 
Prafulla, who is now a septuagenarian, has set his face steadily through his public 
career against the too literary character of university education and has dwelt on 
the necessity for the development of industries as a means of checking the flow of 
middle-class unemployment. 


The subject is one on which he is entitled to be heard. He has done most 
valuable work in creating a school of chemical research in Calcutta, and thereby 
has exercised a wide influence on the progress of Science in the whole country. 
He has done some useful research work himself and his ‘Story of Hindu 
Chemistry” is the standard exposition of the attainments of ancient India _ in 
chemistry. Another achievement of his is the establishment of the Bengal Chemical 
and Pharmaceutical Works, an important and successful industrial enterprise.’’—- 
The London Times (Educational Supplement). 


“* * * the student of Indian affairs will find the book worth the pains it 
costs to read. For Sir P. C. Ray is an independent and original thinker—a doer, 
perhaps, rather than a thinker—and he has had a remarkable career which has 
given him a special interest in and knowledge of certain important aspects of the 
great Indian question. * * * * * the book throws a strong if not a steady 
light on the changes in the economic conditions of Bengal from the middle of last 
century to the present day, and on the state of education among the Bengalis both 
in the towns and in the villages.”—Manchester Guardian. 


“We have enjoyed reading this book by a distinguished chemist and shall enjoy 
reading it again.’”-—Chemistry & Industry (London). 


“An autobiography of the Great Indian Chemist * * * * contains much 
thoughtful advice to the younger generation, based on his own keen observation and 
ripe experience,”’—The Chemical Age (London). 


“Dr. Ray has made out a stimulating thesis on the recent awakening of Bengal 
from a period of stupor and stagnation to one of comparative activity in the 
scientific, industrial and political fields. * * * the reader will be staggered by 
the diversity of Dr. Ray’s interests and the extent of his activities. * * * posterity 
will have reason to remember Dr. Ray for his heroic share in organising Chemical 
studies in Calcutta, * * * after Mahatma Gandhi’s ‘‘Autobiography’’ no more 
challenging book by another eminent Indian has been issued in this country than 
the ‘‘Life and Experiences’’, which invites perusal by every student of the quickened 
life in India after the impact of West with East.’”-—The Madras Mail. 


“Acharya Ray has written his book in such a way that even a common reader 
may feel great interest in it. * * * * one feels absorbed when he takes you 
into the store of renascent nationalism of Bengal and the part played by the heroes 
of Bengal politics through a period which will be memorable in modern history.” 
—Indian Review. 


“His countrymen must be particularly grateful to him for this autobiography 
* * * has a special value for our youth of to-day.’”—The Hindu. 


“A monumental work * * * in all conscience a remarkable publication 
* * * the reader will be struck with the remarkable versatility of the author.’’ 
—A. B. Patrika. 


“This is a book which everyone who would know something of the development 
of modern Bengal should read.’’—Capital. 


‘‘His countrymen must be particularly grateful to him for this autobiography 
* * © * * This record of the life, achievements and thoughts of an enthusiastic, 
versatile and engaging personality should have a bracing influence on the mind of 
the nation.”’—‘Star of India’. 

















The Fluoremetric Formula. 
By K. 8. Gururasa Doss, 


Desha (J. Amer. Chem. Soc., 1920, 42, 1863) has described a 
new method of analysis of the same order of sensitiveness as 
colorimetry and nephelometry. He has called it fluoremetry, the 
property of fluorescence being taken advantage of in the process. 
This technique will certainly prove highly useful for the determination 
of minute quantities of a considerable number of substances which are 
either fluorescent by themselves or can be rendered so by means of 
suitable reagents. 

In his experiments, ultra-violet rays from a mercury are filtered 
from most of the visible radiation are used to excite fluorescence 
in solutions of such substances contained in the comparison 
cylinders of the Kober-nephelometer. The intensity of fluorescent 
light thus produced, as observed in the eyepiece of the instru- 
ment, is equalised in the usual manner by altering the heights 
of the columns included in the field of view of the optical 
plunger. 

He finds that for sufficiently dilute solutions the curve obtained 
by plotting the scale readings against concentration is quite regular. 
He also says that such a curve corresponds more closely to the 
curve drawn according to the Kober’s nephelometric formula than 
that of inverse proportionality (colorimetric curve). He also 
suggests that a further elimination of the errors in the measure- 
ment or a further modification of the formula may reduce the lack of 
agreement. 

The Kober’s nephelometric formula referred to in the 
above paper is empirical as is evident from Kober’s own 
words (J. Biol. Chem., 1913, 13, 498): ‘‘The readings of the 
nephelometer plotted against the ratios of solutions for 
a given standard solution and a given height of the standard, 
seem to follow a uniform curve which can be expressed in 


S_ S(1—-2)k 


the equation pas re where y is the height of the un- 
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known solution, S, the height of the standard solution, and 2, 
the ratio of solutions. An attempt is made by Wells (J. Amer. 
Chem, Soc., 1922, 44, 267) to give a theoretical basis for the Kober’s 
formula; but his theoretical first approximation formula proves to be 
simpler than Kober’s, and the latter is in better agreement with 
experiment; as Wells himself points out, this retlects on the unknown 
factors introduced in nephelometry. In the possibly simpler case of 
fluoremetry it may be advantageous to derive a theoretical formula 
and compare it with Kober’s, an attempt at which is made in this 
paper. 

Studies on the intensity of fluorescence show that traces of an 
active substance present in a medium are capable of producing 
intense fluorescence and if the concentration is increased beyond a 
few per cent., the brightness is greatly reduced. The existence of 
the optimum concentration has been explained by Brunninghaus 
(Compt. Rend., 1909, 149, 1375) as a result of absorption of light; the 
increase in concentration though brings about an _ increase in 
fluorescence there will be an increase in absorption and _ the 
fluorescent intensity is therefore given by an equation of the form 
I1=Kze-**, where zx is the concentration of the fluorescent substance. 
Though this was in accordance with the measurements made on the 
cathodo-luminiscence of manganese in calcium phosphate it is unable 
to explain recent experimental work (Merritt, J. Opt, Soc. Amer., 
1926, 12, 618), Perrin (Compt. rend., 1924, 178, 1405) has tried 
to explain the same phenomenon on the basis of protective action. 
Perrin’s idea has been successfully made use of by Merritt 
(loc. cit.) to explain quantitatively the variation of fluorescent 
power with concentration. Recently, Jette and West (Proc. Roy. 
Soc., 1928, A, 121 299) have suggested an explanation by extend- 
ing the conception of the collisions of the second kind to the 
case of solutions. They ascribe the diminishing fluorescent power 
of a substance with increasing concentration to the collisions of the 
second kind between the photo-excited and the ordinary fluorescent 
molecules. It is also to be noted that a ‘ Perrin protection ”’ 
becomes more or less identical with a collision of the second kind if 
the former is assumed to take place only at molecular distances. If 
the life of the excited molecule is long enough, the intensity may also 
depend on the viscosity of the solution which affects the rate of 
diffusion and hence the probability of the molecule being within the 
range of action of another fluorescent molecule, in the duration of 
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the excited state. The duration of the excited state is found to be 
very brief in the case of aqueous solutions (Perrin: Compt. rend., 
1926, 182, 219). 

Let us now apply the above ideas for the derivation of the 
formula for fluoremetry. Let us assume that if two fluorescent 
molecules are at a distance apart that is less than a distance 
p, their luminiscence is completely destroyed or greatly reduced. 
In the case of aqueous solutions where the duration of the critical 
state is small, if we direct our attention on some molecule, the 
probability that another molecule will not lie within a sphere of 


4 3 
radius p is 1— — . The probability that all of the other molecules 


satisfy the condition is (1 - ve" , where n is the number of mole- 


cules in V c.c. 
If we put V=1, and n= x , where c is the concentration in 
grammes per c.c., M the molecular weight, N the Avogadro number, 


then the probability expression reduces itself toe", where y= 


M 


me 
—log e (1— 4zp*) 


Now as ¢ is the total concentration, the effective concentration of 


, —ye 
the fluorescent molecules is ¢ e ' 


Let us consider a layer of solution of thickness dy. Let the 
distance through which the normally incident light must travel 
through the solution before it can reach the axis of the plunger be 
4. Let the incident intensity be Jy. Then the intensity of the 
light exciting the molecule under the field of view of the plunger is J, 


g Oren where a and b are the absorption coefficients for the 
solvent and the solute respectively for the incident radiation. (We 
assume here the truth of Lambert and Beer’s law for fluorescent 
substances: cf. Kempf, Physikal. Z., 1911, 12, 761 ; Nichols and 
Merritt, Phys. Rev., 1910, 31, 500). 

Then the fluorescent intensity due to the layer will be 


—(atbeyA ao a 


Alo ¢ y 
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where A is a constant. Applying correction for the absorption of 
fluorescent light by sucessive layers we get, the fluorescent intensity 


due to the layer 
dI=Aly e ~Oeted , 4, -@ret dy 


where p and q are the absorption coefficients for the solvent and 
solute respectively for the fluorescent radiation. By integration we 
get the expression for the total intensity which is kept constant in 
any single set of fluoremetric measurements. So, one may write 


—Ye —(a+boa$ —(p+qcejh } 
€ e —1 
—— = constant. 


—(p+qe) 


ce 





This is the accurate formula for fluoremetry. 

But this formula is too complicated for actual use in practice. 
So let us carry out a few approximations. If we assume that the 
correction for absorption is small (which is satisfied by dilute solu- 
tions) we can use the well-known approximation formula 


“ o* tens" ’* and express the above relation in the form 
P _(p+qe)h 
che” .e 2 =K, 


where 8 and K, are constants. This formula can be directly 
employed as p and q can be directly measured and the other two 
constants can be calculated from two measurements of c andh. To 
simplify the expression further, we can carry out the following 
approximation : 


We can neglect ee , as the amount of light absorbed by water is 


small and assume that a is constant in the correction factor as 


ch is fairly constant owing to the smallness of the absorptive and 


protective effects. Then we get 


ch e he =Kg, 


Let us now study the relationship of this formula to the usual 
empirical formule used in nephelometry. 
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As the absorption and protection effects are of a small order we 


can put c=t in the correction factor. Thus we get 


—ak/k 
ch e = constant. 
Or we can write 


—ak/h ~ak/h 
chy e =Cghy e 


C1 _he k (--! ) 


to a first approximation. If hg is the standard height we can put 


or 


ok __3» and hence, 
hg 


This formula is identical with Wells’ empirical formule for nephelo- 
metry, which has been tested and found to be in agreement 
with Kober’s data (Wells; loc. cit.). This is more convenient for 
use especially for the slide rule. Also it is to be pointed out that 
it is so closely approximated a form of the original formula that 
we get values never differing by more than 0°1% when calculated 
on the basis of either formule. 
Now let us proceed in another direction. Again, 


— Be, 
cyhye = Cohge 


h, c c 
fate fies (1- st 


to a first approximation. This is of the same form as the Kober’s 


h, = ° 1+k(1- 2) 
hg “1 os 


formula: 
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and the two can be equated if c, is constant, i.e., if it is the con- 
eentration of the standard solution. But Kober takes cg as the 
standard and so far the theoretical formula differs from Kober’s. 
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Let us now consider the available experimental data. Apart from 
the indirect support offered by the Kober's nephelometric data, 
the theoretical formula in the Wells form seems to be in fair agree- 
ment with Desha’s fluoremetric data on iodeosine solutions, the 
maximum difference between theory and experiment being about 
1% (see Table II and Fig. 2). But the data on quinine sulphate 
solutions show a large deviation, the maximum amounting to about 
4% (See Table I and Fig. 1). 

Lastly let us examine the shape of the ‘‘ch—c "’ curve as 
obtained from Desha’s experimental data. As c¢ is a continuous 
function of h, we must expect the ‘‘ ch—c ’’ curve to be continuous. 
The mean smooth experimental curve is found to be convex towards 
the Y-axis. This is an extremely interesting observation if we 
could absolutely depend on Desha’s results. For, whereas the 
accurate theoretical formula must give a curve concave to the 
Y-axis even at fairly high concentrations, we find just the reverse 
to be the case in practice. This discrepancy between the theoreti- 
cal and the experimental values seems to be of profound significance 
from the point of view of the theory of fluorescence in general 
and the theories of inhibition of fluorescence in particular. I 
would not like to attempt at any quantitative derivation to account 
for the difference, as I feel that some more experimental work is 
necessary to consider this as but a sure and general tendency. 
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TABLE I. 


Quinine sulphate solutions. 


c. h (exp.). h (theor.). ch (exp.). ch (theor ). 
2°0 10°28 10°28 20°56 20°56 
17 11°98 11°80 20°37 20°06 
14 14°53 14°00 20°34 19°60 
1°2 16°76 16°08 20°11 19°30 
1°0 19°50 19°00 19°50 19°00 
08 24°10 23°40 19°28 18°72 
0°6 31°15 30°73 18°69 18°44 
05 36°60 36°60 18°30 18°30 
TaBie II. 


Todeosine solutions. 


c. h (exp.). h (theor.). ch (exp.). ch (theor.). 
4°0 16°00 16°00 64°00 64°00 
3°6 17°83 17°65 64°19 63°54 
3°2 19°90 19°72 63°68 63°10 
2°6 24°25 24°02 63°05 62°45 
2°0 30°90 30°90 61°80 61°30 


In conclusion I thank Professor J. N. Mukherjee, D.Sc. for his 
valuable suggestions and criticism. 


DEPARTMENT OF CHEMISTRY, 
CENTRAL COLLEGE, BANGALORE. Received January 22, 1982. 
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Effect of Sugars on the Inhibition of the Precipita- 
tion of Ceric Hydroxide from a Solution of 
Ceric Ammonium Nitrate. 


By M. V. Napar AND Mata PRrasap. 


Ohar (Kolloid Z., 1923, 33, 193), Mehrotra and Sen (J. Indian 
Chem. Soc., 1927, 4, 117}, and Sen (J. Indian Chem. Soc., 1927, 4, 
131), have studied the peptisation of various metallic hydroxides in 
the presence of sugars. They have determined the amount of sugar 
which is necessary to prevent the precipitation of the hydroxides by 
alkali. Patel and Desai (J. Indian Chem. Soc., 1930, 7, 161), have 
studied the effect of non-electrolytes on the precipitation of thorium 
hydroxide from a solution of thorium nitrate by alkali. They find that 
sugars and glycerol alone are effective in preventing or inhibiting the 
precipitation. Nabar, Patel and Desai (Kolloid Z., 1931, 57, 173), find 
that the inhibition of the precipitation of thorium hydroxide increases 
with an increase in the hydroxy! groups in sugars. 

The present investigation deals with the study of the effect of non- 
electrolytes on the inhibition of the precipitation of ceric hydroxide 
from a solution of ceric ammonium nitrate from the viewpoint put 
forward by Nabar, Patel and Desai (loc. cit.). The peptisation of ceric 
hydroxide from ceric chloride by sugars has already been studied by 
Mehrotra and Sen (loc. cit.). 


EXPERIMENTAL. 


An approximately M/40 solution of ceric ammonium nitrate 
(B. D. H.) was prepsred and its concentration was accurately 
determined. A solution of Merck’s extra pure caustic soda was 
prepared, standardised and stocked in a Jena-glass flask. The 
non-electrolytes used were (1) ethylene glycol, (2) glycerol, 
(3) mannitol, (4) glucose, (5) lactose, (6) maltose, (7) sucrose, and 
(8) fructose. 

A known volume of ceric ammonium nitrate was taken in a num- 
ber of test tubes and the total volume was made up to 30 c.c. by ad- 
ding different amounts of non-electrolytes and distilled water. 5 C.c, 
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of sodium hydroxide solution was taken in another set of test tubes ; 
the amount of NaOH in 5 c.c. was more than that required for the 
complete precipitation of cerium nitrate contained in the former set of 
test tubes. The contents of the two sets of tubes were then thorough- 
ly mixed, the same mode of mixing being followed throughout the 
investigation. The amount of the non-electrolyte in the tube, in which 
the appearance of the precipitate is just prevented, is the minimum 
amount required to inhibit the precipitation of ceric hydroxide. Two 
series of such observations were taken and the mean of the two is 
given in all the following tables. 

Effect of volume.—The effect of the change in the tvtal volume 
of the mixture on the amount of sugars required to inhibit the 
precipitation of ceric hydroxide by a fixed amount of NaOH is given 
in Table I. 


TABLE I. 


NaOH in the mixture=1°25 m. mols. Ceric ammonium nitrate 
=0°05 m. mols. 


Non-electrolytes required in m. mols. 
Total volume. 


Fructose. Sucrose. Maltose. Lactose. Glucose. 
10 c. ¢. 0°98 0°064 0°225 0°525 2°15 
20 0°064 0°058 0°156 0°406 1°5 
30 0°048 0°054 0°119 0°35 1°25 
40 0°048 0°054 0119 0°35 1°25 
50 0°048 0°054 07119 0°35 1°25 
60 0°048 0°054 O'119 0°35 1°25 


It appears that with an increase in the total volume of the mix- 
ture, the amount of sugar required to inhibit the precipitation at first 
decreases and then reaches a constant value. 

The clear liquid obtained in these mixtures was cataphoretically 
examined and was found to be a sol containing negatively charged 
particles. The formation of these particles is due to the adsorption 
of OH’ ions by ceric hydroxide in the presence of sugars which are 
also probably adsorbed to some extent by the colloidal particles. The 
decrease in the amount of sugars with an increase in the total volume 
is due to the stabilisation of the sol on dilution. 
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Effect of the amount of ceric ammonium nitrate.—The effect of 
the amount of the salt on the non-electrolytes required to inhibit the 
precipitation by a fixed amount of caustic soda (1°25 m. mols.) is 
given in Table II. The total volume of the mixture was 30 c.c. 


Tasie II (A). ° 
Ceric ammonium Non-electrolytes required in m, mols.. 
nitrate (in m. mols.). 

Fructose. Sucrose. Maltose. Lactose. Glucose. 
0°025 0°024 0°022 0056 0°150 0°500 
0°0375 0°034 0°038 0°088 0°250 0°800 
0°05 0°C48 0°054 0119 0°350 1°250 
0°0625 0°070 0°078 0°163 0°475 1°900 
0°075 0°090 0°118 0°238 0°663 2°700 
0°0875 0°130 0°150 0°338 — 4°100 


TABLE II (B). 


Ceric ammonium nitrate 


(in m. mols.). --- 0°0062 0°0125 0°0156 =: 0°0187 0°025 0°0375 
Mannitol (in m. mols.) ous 0°325 _ ose 0°525 1°125 
Glycerol ” .. 0°60 1°45 si 3°2 31 
Ethylene glycol ,, oil ie 2 3°3 48 6'8 


The tables show that the amount of non-electrolytes required is 
greater as the amount of salt in the mixture is increased. These 
results are similar to those obtained by Mehrotra and Sen (loc. cit.) 
in the peptisation of the ceric hydroxide. This increase in the amount 
of sugars is due to an increase in the number of colloidal particles 
of ceric hydroxide formed in a fixed volume of the mixture. 

The inhibiting power of the non-electrolytes increases as, ethylene 
glycol< glycerol< mannitol< glucose< lactose< maltose < fructose 
< sucrose. This shows that the number of OH groups in the non-elec- 
trolyte influences its inhibiting power; cane sugar, maltose and lactose 
which contain eight OH groups are better inhibitors than glucose and 
fructose, glycerol and glycol which contain five, three and two OH 
groups respectively. The behaviour of fructose is anomalous as its 
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inhibiting power is more than that of sucrose which contains more 
OH groups than fructose. The ketone group in fructose may be 
responsible for this anomaly. 

Effect of the amount of alkali.i—The following table shows the 
effect of the addition of increasing amounts of alkali on the amount 
of the non-electrolyte required to inhibit the precipitation. 


TaBLeE III, 


Ceric ammonium nitrate=0°025 m. mols. Total vol.=30 c.e. 


NaOH Amount of non-electrolytes required in m. mols. 
(in m, mols.). 

Fructose. Sucrose. Maltose. Lactose. Glucose. Glycerol. 
0°25 0°130 0°160 0°219 0°969 7°75 20° CO 
0°375 0°0E0 0°078 0°113 0°382 1°90 11°00 
0°50 0°034 0°060 0°082 0°244 0°85 6°00 
0°75 0°024 0°030 0°056 0175 0°50 1°75 
1°00 0°024 0°022 0°056 0°150 0°50 1°75 
1°25 0°024 0°022 0 056 0°150 0°50 1°75 


With an increase in the amount of alkali, the amount of non-elec- 
trolyte required to inhibit the precipitation at first decreases and then 
reaches a constant value. 

Separate experiments showed that the non-electrolytes alone could 
not inhibit the precipitation of the hydroxide if the amount of the 
alkali added was not greater than that required for complete precipi- 
tation. The part played (by the excess of the hydroxyl ions) in the 
inhibition is indicated by the decrease in the amount of the non- 
electrolyte required to inhibit the precipitation and is due to the 
stabilising influence of these ions. But certain minimum amount 
of the non-electrolyte is also essential for causing the inhibition in 
precipitation; sodium hydroxide alone can not inhibit the formation 
of the precipitate. The decrease in the amount of the non-electro- 
lytes required in the presence of increasing amount of NaOH may 
possibly be due to the supression in the adsorption of the non-electro- 
lyte by OH ions. Experiments on the adsorption of these non-elec- 
trolytes under conditions described above are necessary before any 
definite conclusion regarding the inhibition of the precipitation can 


be drawn. 














EFFECT OF SUGARS ETC. 613 


Summary. 


The effect of (1) change in total volume, (2) amount of salt and 
(8) amount of alkali on the inhibition of the precipitation of ceric 
hydroxide from ceric ammonium nitrate solution by non-electrolytes 
has been studied. 

The amount‘of the non-electrolyte required for inhibiting the pre- 
cipitation decreases with an increase in (1) the total volume, and (2) 
the amount of aikali in the mixture up to a certain limit and then 
reaches aconstant value but it increases with an increase in the 
amount of cerium ions in the solution. 

The inhibiting power of the non-electrolytes decreases as 
sucrose > fructose > maltose > lactose > glucose > mannitol 
>glycerol >glycol. 

The effect of the excess of alkali and of the non-electrolytes on 
the inhibition of the precipitation is discussed. 


CHEMICAL LABORATORIES, 
Roya InstiTuTE oF ScIENCE, Received November 3, 1932. 
Bombay. 

















A Comparative Study of Jute and Cotton Celluloses. 
By J. K. Coowpuury anv N. N. Basu. 


The complex problem of the identity of celluloses from different 
sources has received attention from several investigators. Cross and 
Bevan and other investigators (Kruger, Papier Fabr., 1925, 23, 767) 
believed that each variety of cellulose is different from the other 
and speak of celluloses and not of cellulose as a chemical unit. If 
this view be correct, each kind of cellulose would have a different 
chemical constitution and it would obviously be impossible to assign 
a definite chemical formula to cellulose. 

Another school of investigators represented mainly by Heuser 
and his co-workers (Heuser and Haug, Z. angew. Chem., 1918, 31, 
99; Heuser and Boedeker, ibid., 1921, 34, 461; Heuser and Aiyer, 
ibid., 1924, 37, 27) maintain that cellulose is a definite chemical 
entity. According to this view it would not only be possible to 
employ a general constitutional formula for all kinds of cellulose 
but it would also be possible to use cheaper varieties as raw material 
for the manufacture of different cellulose derivatives and for other 
cellulose industries. The question of the identity of celluloses is 
therefore important both from the theoretical and the industrial point 
of view. 

The object of this investigation is to examine these two points of 
view, taking jute and cotton celluloses as a basis for comparison. 
For this purpose it is first necessary to prepare a standard cellulose 
from cotton and to purify jute cellulose in such a manner that it may 
approximate the standard cotton cellulose in its properties. The 
properties of the two standard celluloses can then be compared under 
identical conditions, special attention being given to the following: 

(1) Acetylation of the celluloses. 

(2) Yield of glucose. (a) As methylglucoside (Irvine and Hirst), 

(b) as crystalline glucose (Monier Williams). 

(3) Yield of cellobiose octa-acetate. 

(4) Methylation of cellulose. 

(5) Characterisation of the cellulose by means of viscose 
reaction. 
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(6) Surface tension of viscose solutions. 

(7) (a) Viscosity of the celluloses in cupra-ammonium solution, 
(6) viscosity of cellulose acetates in chloroform, 
(c) viscosity of the nitrocellulose in ether-alcohol solution. 


Preparation of Standard Cellulose. 


(a) From Cotton.—The methods of Schwalbe (Chemie der 
Cellulose, 1911, p. 602 and Farb. Ztg., 1913, 436) Robinoff and the 
American Chemical Society—Cellulose Division (Ind. Eng. Chem., 
1923, 15, 748) recommend the use of a bleaching agent for the pre- 
paration of standard cellulose from cottop, but as it is difficult to 
prevent the action of bleaching agent on the cellulose itself the use 
of such chemicals has been avoided in this work and the method of 
Correy and Grey (Ind. Eng. Chem., 1924, 16, 852) has in general, 
been followed. 

The alcohol-benzol extracted cotton was treated with a large 
volume of caustic soda solution (1%) with careful exclusion of air. 
The ash content was diminished by treatment with acetic acid. 
When the same procedure was applied to jute cellulose delignified 
by the chlorine peroxide method, it was found that the impurities 
could not be efficiently removed and the cellulose matter had to be 
subjected to the action of 17°5% cold alkali. In order to make the 
conditions comparative for cotton cellulose, the cellulose as prepared 
above from cotton was also subjected to the action of 17°5% alkali 
under the same conditions as for jute cellulose. 

(b) From Jute.—Delignification of jute was effected by the 
chlorine peroxide method as previous experience in this laboratory 
(Chowdhury and Majumder, J. Indian Chem. Soc., 1929, 6, 139) has 
shown that jute cellulose is little affected by this treatment. The 
delignified jute was then subjected to the action of 5% boiling alkali 
or 17°5% cold alkali. It was however found that neither method 
removed the hemicelluloses completely and that a part of the furfural- 
yielding complex remained in the residual cellulose, the minimum 
furfural value thus obtained being 2°5%. By a combination of the 
two processes, i.e. by alternate treament for half an hour with cold con- 
centrated alkali and boiling dilute alkali, the furfural value is reduced 
to 1°8%. Further reduction of the furfural value can be effected by 
continued previous extraction of the delignified fibre with boiling water, 
followed by alternate treatment with 17°5% cold alkali and 5% boiling 
alkali. By this treatment the furfural value is reduced to 0°25% 
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which compares very favourably with that of standard cotton cellulose 
as prepared by the above method. During the treatment with alkali, 
exposure to air was carefully avoided in order to prevent any con- 
sequent oxidation. The standard celluloses as obtained above were 
tested by means of its furfural value and their solubility in 175% 
cold alkali. The data in the following table represents the results 


obtained. 


TaBLe I. 


Cotton cellulose, 


Solubility in 17°5% 


Treatment. Furfural. cold alkali. 
Raw cotton extracted with alcohol-benzol 1°8% 15°0% 
Do treated once with 17°5% alkali 0°702 9°6 
Do 5 times O31 2°5 
Do and boiled twice with 5% alka'i 0°29 19 


TaBLeE II, 


Jute cellulose: Treatments showing progressive reduction in 
furfural value and solubility in alkali. 


Treatment. Furfural. Solubility in 
17°5% alkali. 
Delignified jute 96% 32°77%, 
Do treated once with 5% boiling alkali 3:4 29°58 
Do treated 5 times 2°5 18°0 
Do treated once with 17°5% cold alkali 2°5 18°45 
Do __ treated 5 times 18 14°05 
Delignified jute after 3 extractions with boiling 5°39 23°71 
water only 
Do and then given one treatment with 1°02 10°03 
17°5% cold alkali 
Do and then given 4 successive similar 0°31 1°85 
treatments 
Do further boiled twice with 5% alkali 0°25 1°82 
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Tasue III. 


Analysis of the two purified celluloses. 


Jute. Cotton.. 
Lignin ne _ oe nil nil 
Furfural a ae wl 0°25% 0°29% 
Fats and resin a on nil nil 
Ash ~_ a oad 0°19% 0°1628% 
Moisture ove oe ow 10% 8°3372% 
Uronic acid sii ea nil nil 
Solubility in 17°59 alkali 1°82% 1°9% 


Acetylation. 


It is well known that during acetylation the reagents and the 
temperature employed considerably affect the cellulose. We have 
therefore endeavoured to use a method of acetylation which would 
have the least possible action on cellulose itself. Only very few 
methods are available for such acetylation. As the methods 
represented in E.P. 297766 (1928) or that of Hess (Ber., 
1928, 61, 461) require high temperature or a prolonged 
period for comp'ste acetylation, the authors adopted the method 
of Barnett as modified by Irvine and Hirst (J. Chem. Soc., 
1922, 121, 1585). It was however found that this method if carried 
out at high temperature, as recommended by these authors, causes 
disintegration and partial decomposition of the product obtained from 
jute cellulose. If however the proportion of the reagents be slightly 
increased, it is possible to carry out the reaction at a much lower 
temperature when no such disadvantages are experienced and no 
reducing matter is found in the filtrate after precipitation of the 
acetate in water. 

10 G of air-dried, finely shreded jute cellulose were placed in a 
stoppered bottle and incorporated with 65 c.c. of glacial acetic acid 
through which a stream of dry chlorine was passed for 40-50 seconds, 
After standing for } hour, acetic anhydride (70 c.c.) was added and 
sulphur dioxide gas bubbled through the mixture for 14 minutes 
and the bottle stirred mechanically. After 3 to 4 hours, the 
cellulose gelatinised and began to dissolve slowly. Finally to 
hasten the reaction, the temperature was raised to 40°. The 
solution, when quite clear, was treated with chloroform and 
water in the manner recommended by Irvine and Hirst (loc. cit.), 
The whole procedure required some 35-40 hours, If however the 
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cellulose is previously dipped for about 1 hour in glacial acetic 
acid, pressed and dried in the air, the time of the reaction can be 
reduced to 20-24 hours. As this latter treatment might to some 
extent affect the cellulose, we have preferred not to use it during 
acetylation. 

The acetyl content of the product was determined as follows : 
A weighed quantity of the acetate was boiled for 2 hours with a 
known excess of standard caustic soda solution, the excess of alkali 
being titrated with standard sulphuric acid. Owing to possible 
chemical action or the adsorption of caustic soda in the regenerated 
cellulose, each result was corrected by means of a control experiment 
in which pure cellulose was treated with caustic soda solution under 
the same conditions. 

Some typical results are quoted : 

(I) 0°4914 G. of jute acetate required 11°0032 c.c. of N/2- caustic 
soda while 0°5804 c.c. was used for control experiment. The 
percentage of acetyl therefore was 45°6. 

(II) 0°8188 G. of jute acetate required 17°529 c.c. of N/2- caustic 
soda and the control experiment took 0°6214.c.c. The percentage of 
acetyl was 44°42. 

(I) 0°4283 G. of cotton acetate took 9°9338 c.c. of N/2- alkali 
while 1°0684 c.c. were used for control experiment. The percentage 
was therefore 44°5. 

(II) 0°4150 G. of cotton acetate took 9°6396 c.c. of N/2- alkali 
while the blank experiment required 1°0684 c.c. The percentage was 
therefore 44°4. 

The detailed results obtained are given in the following table. 











TABLE IV, 
Jute Cotton 

Cellulose (g } 5 5 5 5 
Water and ash-free cellulose (g.) 4°49 4°49 4°575 4°575 
Acetate yield (g. ) 7°8921 79011 8°0823 8°1031 
Percentage of the yield 175°8 176°0 176°6 177*2 
Theoretical value 177°7 177°7 177°7 177°7 
Acetyl value 44°42 45°6 44°4 44°5 
Theoretical acetyl value 44°8 448 44°8 44°8 


Yield of Glucose. 


As calculated from the yield of methylglucoside.—For the 
preparation of methylglucoside we have generally followed the 
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directions of Irvine and Hirst (loc. cit.) with slight modifications, 
having used a temperature of 135-40° instead of 125° and also 
a higher acid content (1°2%) in methyl alcohol in place of 
0°75% recommended by them. With these modifications the time 
is reduced to 48 hours and the yield of glucosides is practically 
quantitative. 

One part of acetate (nearly 4 g.) was treated in a sealed tube 
for 48 hours at 135-40° with methyl alcohol (15 parts) containing 
1°2% hydrochloric acid. At the end of this period only a slight trace 
of solid remained undissolved in case of both jute and cotton cellylo- 
ses and the liquid had assumed a faint golden yellow colour. The 
contents of the tube were then filtered, carefully neutralised 
with silver carbonate and decolourised with animal charcoal. Pre- 
cautions were taken to recover any matter adhering to the filter 
paper and to the charcoal residues. Finally it was concentrated 
under reduced pressure (10 mm.) and left overnight in a calcium 
chloride desiccator, when it set to a solid mass. The last trace of 
solvent was driven away by means of hot dry air. 

Finally it was dried in vacuum over calcium chloride to constant 
weight. We have here eliminated the distillation of the solvent 
under reduced pressure recommended by the above authors and thus 
avoided a tiresome process and the mechanical loss involved in it. The 
crystals melted between 125-48° and gave 15°92°% methoxyl in 
case of glucoside from jute and 15°925% in case of glucoside from 
cotton. No mineral matter was present and no furfural was liberated 
on treatment with 12% hydrochloric acid (boiling). Details of two 
typical experiments are recorded for each particular cellulose. 








TABLE V. 
Jute Cotton 

Wt. of acetate (dry and ash- . “ 

free) (g.) 3°8 3779 3°805 3°892 
Acid methyl alcohol used 

(1°2% HCl.) (c.c.} 60 60 60 60 
Time (135-40°) (hr.) 48 48 48 48 
Wt. of solid remaining in 

the sealed tubes (g.) nil 0°082 nil 0°05 

28 

Permanent sp. rotation (a), 106° 106° 107° 106° 
Yield of dry crystals 2°56 2°49 2°549 2°5334 
Yield (%) 99°492 99°458 98°925 97°37 
Methoxy! (% ) 15°92 15°925 


Equiv. glucose (% ) 99°98 99°952 99°413 97°858 
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It will be observed from the above data that the yield from both 
cases is quantitative and is thus an improvement on 95°5% obtained 
by Irvine and Hirst. In calculating the yield, the weight of insoluble 
matter left in the tube after the reaction was deducted from the 
weight of cellulose taken. The melting point of the mixed glucosides 
varied from 125—148° according to the proportion of f-glucoside 
present. The purity of the methylglucoside was established by hydro- 
lysis of the glucosides with 4% hydrochloric acid and noting the 
specific rotation of the glucose formed. 

2°2614 G. of methylglucoside from jute cellulose were boiled 
under reflux with 25 c.c. of 4% hydrochloric acid solution for } hour 
and the contents of the flask were then carefully made up to 100 c.c. 
The specific rotation obtained was [a]?®=52°25° (a=1°006, 1=1 dm., 
c=2°0982), the corresponding figure for pure glucose being 52°5°. 

A similar procedure was adopted in case of methylglucoside from 
cotton and the specific rotation was found to be [a]?*°°= 522°, 
showing thereby that both the glucosides are made up entirely of 
glucose residues. 

That the methylglucosides from both jute and cotton consist only 
of glucose was further established indirectly in the following manner: 

On recrystallisation of the mixed glucosides from absolute alcohol 
characteristic crystals of m.p. 165° and [a]??=157°6° (in aqueous 
solution) were obtained (a=1°84, 1=1 dm., c=1°'17), the corres- 
ponding figure for a-methylglucosides being 165-166° and 157°5° 
respectively. The mother liquor after separation of the crystals of 
e-methylglucosides evidently contained a larger proportion of 8-form. 
On heating this mother liquor again with 1°2% acid methyl 
alcohol for 48 hours in sealed tubes, the equilibrium between 
a- and f- forms was re-established and the specific rotation was found 
to be [a]?%=106°. Evidently no other sugars except glucose are 


present in the mixed glucosides. As the theoretical yield of methyl- 
glucosides has been obtained both from the jute and cotton celluloses, 


it follows that both the celluloses are made up entirely of glucose, 
and no other hexose or pentose constitute an essential part in the 
molecules of the celluloses. 

Hydrolysis with sulphuric acid.—Attempts were then made to 
ascertain the maximum yield of glucose obtained by the hydro- 
lysis of the two celluloses under identical conditions. For this pur- 
pose the well known method of Monier Williams was followed in fre- 
ference to the method of Keisel and Semiganoski (Trans. Chem. 
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Pharm. Inst. Moscow, 1927, 18, 82) who claim 100% yield of 
glucose from cotton cellulose, as they did not isolate the sugar in 
crystalline form. 

5 G. of the cellulose were dissolved in 30 c.c. of 72 % sulphuric 
acid and the dark coloured viscous solution was allowed to remain 1 
week at room temperature. The sulphuric acid solution was diluted 
to 3 litres with water and boiled continuously under reflux for 15 
hours. A small amount of dark coloured flocculent precipitate was 
found in the liquid. This was filtered off, dried and deducted from 
the weight of the cellulose used. After boiling, the almost colour- 
less liquid was neutralised with barium hydroxide, filtered clear from 
the sulphate and evaporated to dryness by distilling at a low tempera- 
ture under reduced pressure (10 mm.). A slight alkalinity deve- 
loped during evaporation which was always made neutral by means 
of N/10-sulphuric acid. ‘The residue from the distillation was 
extracted with pure methyl alcohol, filtered and decolorised with 
animal charcoal. The solution was then concentrated under reduced 
pressure but it was very difficult to crystallise the syrup even after 
passing hot dry air through the mass. Crystallisation however took 
place on the addition of a very small amount of pure glucose. From 
this crude product glucose was purified by recrystallisation from 
absolute alcohol and was tested by means of its melting point and 
that of its osazone. For the sake of comparison, the data are repre- 





sented below: 


TABLE VI. 
Jute Cotton 
Fe —_—_——_ 
Wt. of cellulose (g.) 5 5 5 5 
Wt. of ash-free dry 4°49 4°49 4°575 4°575 
cellulose (g.) 
Wt. of glucose obtained 4°7055 4°6336 4°8952 4°8312 
(g.) 
Yield (%) 1048 103°2 107°0 105°6 
Theoretical value (%) 1111 1111 1111 1111 
M.p. of glucose 145° 146° 144° 145° 
M.p. of the osazone 204° 205° 205° 205°5° 


Yield of Cellobiose Octa-acetate. 


The yield of cellobiose octa-acetate from both jute and cotton was 
next ascertained, as this question has an important significance in 
regard to the constitution of cellulose. 
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The highest yield of cellobiose octa-acetate found from cellulose 
material is 50% obtained by Hess and Frieze (Annalen, 1927, 456, 
38), but as this process is tedious and as other investigators have not 
been able to obtain the same high yield by following their directions, 
we preferred to follow the method of Spenser (Cellulosechem., 1929, 
10, 61) who obtained a maximum yield of 46°5 %. The best yield 
was obtained at 50° with 0°2 c.c. of sulphuric acid (d 1°84) after a 
period of 15 days, the maximum yield of cellobiose octa-acetate from 
jute being 41°14% while that from cotton was 43°8%. 

8 C.c. of acetic anhydride were taken in a stoppered conical flask 
and cooled to 0° and 0°6 c.c., 0°4¢.c., 0°2 ¢.c. of sulphuric acid 
(d 1°84) was cautiously added in three different cases without causing 
any appreciable rise of temperature. 2 G. of jute and cotton celluloses 
were separately added to the reagent mixture, which was then cooled 
for 30 minutes and kept at room temperature until the maximum 
yield was obtained. The product was recrystallised from alcohol 
and showed the characteristic reactions cf cellobiose octa-acetate. 
Under the microscope, e drop of the hot solution gave characteristic 
rosettes of needles. Both the samples melted at 226° and 227° and 
gave the specific rotation [a]??=41'5° and 41°6° respectively in 


chloroform solution. 


Tasie VII. 


Yield of cellobiose octa-acctate, 


Cellulose used. Temp. Sulphuric acid Days. Maximum yield. 
(d 1°84). 
Jute 39°5-40° 0°2 c.c. 25 15°4% 
Cotton ‘” *” 25 22°2 
Jute ” 0°4 25 35°1 
Cotton * % 25 35°1 
Jute - 0°6 15 29°3 
Cotton o ” 15 28°3 
Jute 50° 02 15 41°14 
Cotton ” ” ” 43°8 


Although the mechanism of acetolysis of celluloses is not clearly 
understood and the period of reaction is comparatively long, the 
agreement in the maximum yield of cellobiose octa-acetate is quite 
satisfactory and points to the identity of two celluloses from the 
chemical point of view, 
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Methylation of Cellulose. 


Attention was then directed to the maximum methoxy! content 
in the methylcellulose from jute. In the preliminary experiments, 
the tedious method of Denham and Woodhouse (J. Chem. Soc., 
1921, 119, 77) with the modification of Irvine and Hirst (J. Chem. 
Soc,, 1923, 123, 528) for the methylation of cellulose was followed, 
but the maximum yield of methoxyl obtained in case of jute after 
thirteen repeated alkylations was only 32°5% and this value could 
not be appreciably increased even after seventeen methylations. 
As this value is considerably lower than the theoretical maximum 
(45°5 %), we followed Urban’s method (Cellulosechem., 1926, 1, 
73) for the methylation of lignin from spruce wood. The method 
applied to jute cellulose gave very satisfactory results and a methoxyl 
content of 44°3% was obtained after 10 operations, a value which 
could not be substantially increased after repeating the process 15 
times (theoretical, 45°5 %). It may be noted here that the maxi- 
mum methoxyl value obtained by Irvine and Hirst (loc. cit.) in the 
case of cotton cellulose was 43°1 to 44°5%. 

5 G. of finely shreded jute cellulose were dipped in 150 c. c. of 
45 % caustic potash solution in a stoppered bottle and shaken vigor- 
ously in a shaking machine for 6 hours. It was then cooled with 
ice and salt and dimethyl sulphate (5c. c. at a time) was added 
at intervals of } hour. The procedure was continued with occasional 
shaking until the mixture was acidic. It was then washed well 
first with distilled water and then with alcohol and ether and dried 
in vacuum over sulphuric acid. 

This method has the advantage over that of Irvine and Hirst 
(loc. cit.) that in this case no ethereal solution of dimethy! sulphate 
is required. The process is conducted at a lower temperature with 
less dimethyl sulphate and with less fear of disintegration of the 
product. The use of alcoholic alkali accompanied by a sudden rise 
of temperature is avoided. 


Differentiation of the two Celluloses by means of the 
Viscose Reaction. 


Lieser (Cellulosechem., 1929, 10, 21) has been able to character- 
ise different celluloses by means of the above reaction. He has shown 
that the cellulose-A, which is soluble in alkali, requires a minimum 
concentration of only 7°5 % caustic soda to form alkali cellulose 
and undergo subsequent reaction with carbon disulphide to form 
viscose, while cotton cellulose requires a minimum concentration 
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of 16 % caustic soda for the above purpose, intermediate concentra- 
tions being necessary for other types of celluloses. 

In the following experiments the concentration of alkali was 
varied from 10% to 17°5% im order to ascertain the minimum 
strength necessary for mercerisation of each of the two celluloses 
which would then react with carbon disulphide to form viscose. 

It was found that a different strength of alkali was necessary in 
each case and that for the same strength of alkali, the residue 
obtained after the formation of viscose was always greater in the 
case of cotton than that in the case of jute. This may be attributed 
to the greater resisting power of cotton, due mainly to physical 
difference in composition and arrangements of the micels. The 
solubility, viscosity, the time required for coagulation of viscose 
solutions prepared from the two celluloses were, however, widely 
different. 

For the preparation of viscose we have used the following two 
methods : 

(A) 1 G. of the cellulose was dipped in 20c.c. of alkali for 3 
days, the excess of the alkali pressed out, carbon disulphide added 
and the mixture agitated in a shaking machine for a few hours. 
The reaction product was then dissolved ind % alkali, 10c. c. 
being added every 4 hour. The solution was made upto 100 c.c, 
and filtered in atared gooch crucible through fine muslin. 

(B) 1G. of cellulose was dipped first in carbon disulphide for 
1 hour, the excess poured off and 20 c.c. of alkali of desired strength 
were added and shaken for 1 hour. It was then made upto 
100 c.c. with 5% solution of caustic soda in the usual manner. 
The results obtained are given in the following table. 


TaBLeE VIII. 


Properties of viscose prepared by the methods (A) and (B). 





Fibre. Alkali cone. Residue (g.). Viscosity sec. Coagulation 
(Ostwald). days. 
~——___— Le 
A B A B A B 
Jute 15% NaOH nil __onil 2043” 28°25” 5 7 
Cotton 9° 0°1812 0°052 85°7” 68’ 2” 2 3 
Jute 12% » 0°208_~—sonil 3/12” 4'39" 27 hr. 39hbr. 
Cotton oe 0°602 0°442 §’24” 19/33” 24hr. 24hbr. 
Jute 10%» 0°639 0°212 43” 68” Boe Me 
Cotton ” O’s7 §=60°85 75” 98” 8 os Bw 
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Surface Tension of the Viscoses prepared from Jute and 
Cotton Celluloses, 


As it was suspected that the variation in physical properties 
e.g., viscosity, solubility, coagulation, etc., of the above viscose 
solutions might be due to the character and size of the micellae 
composing the two celluloses, it was thought advisable to test the 
surface tension of the two solutions. It is known that the surface 
tension diminishes with the thickness of films formed at the surface 
of a solution at different intervals. As the formation of such films 
is due to collection of micellae, it was thought likely that the surface 
tension would diminish as the micellae accumulate at the surface. 
The method used for determination of the surface tension is that 
developed by Ghosh and Dutt (J. Indian Chem. Soc., 1929, 6, 103) 
in this laboratory who observed similar changes in surface tension 
of solutions of different dyestuffs and attributed to the formation 
of micellae. 
The experimental details are the same as those of the above 
authors. The viscose used for this purpose was prepared from the 
two celluloses by the method (B) previously described using 17°5% 
alkali, the solution obtained from 1g. of cellulose being made 
upto 500c.c. with distilled water. The variation of the surface 
tension with time was then noted, surface tension being calculated 
as follows :— 
We 

1 

where o is the surface tension of water at ‘the temperature of the 
experiment, We is the weight required to raise'the basin from the 
surface of the solution, and,W, is the weight required; to raise the 
basin from the surface of water. 

As coagulation took place after some time (which,may be 
attributed to increase in the size and number of micellae), we 
could not observe, the minimum surface tension. Our object was 
however attained by the character of ‘the curve obtained in the 
two cases. The results obtained are noted in Table IX and are 
further brought out in the plotted curve on the next page. 


Surface tension of the solution = ad 








—>o in dynes cm. 
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TABLE IX, 
Surface tension of viscose solutions made from jute. 


Temp. =29°2°. o=71°18. W,=2°108. 


Time (min.) sie 0 20 42 61 85 110 
We a 1°48 1°3 1°2 118 1179 1178 
Surface tension 
of viscose om 49°98 42°89 40°52 39°85 39°81 39°71 
TABLE X. 


Surface tension of viscose solutions made from cotton. 


Temp. =29°2°. o=71°18. W,=2°108. 


Time (min.) es 0 14 40 70 
WwW, ae 1°203 1°125 1117 lll 
Surface tension of viscose i 4062 3848 37°70 37°52 


Particular attention may be drawn to the higher surface tension 
of jute viscose. This phenomenon may be attributed to the smaller 
size of micellae or to a smaller molecular weight of the molecules 
composing jute fibre owing to the smaller degree of polymerisation 
of glucose units. The two curves are, however, similar in character 
which indicates similar changes taking place in the viscose solutions 
on standing and suggests a similarity in chemical constitution. 

It may be noted that viscose made from cotton cellulose 
coagulates in a shorter time than jute viscose in which the particles 
or micellae in colloidal solution are evidently smaller in size. 


Viscosity Tests. 


Cupra-ammonium solution.—(a) The cupra-ammonium solution 
was made according to the directions of Hibbert and Parson (J. Soc. 
Chem. Ind., 1925, 44, 4837). Cupric hydroxide was first prepared by 
cautiously adding slight excess of ammonium hydroxide to a concen- 
trated filtered solution of boiling copper sulphate solution. The 
precipitate was allowed to settle, washed by decantation with hot 
water, cooled below 10° by the addition of a few lumps of ice, and 
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then sufficient 9%, caustic soda was slowly introduced with 
stirring until the deep blue colour of copper hydroxide was formed. 
The precipitate was then filtered, washed free from alkali with cold 
water and then with alcohol and water. It was dried in the air for 
several days and passed through a 40—mesh sieve. 

4 G. of an air-dried sample of cellulose were introduced into a 
stoppered bottle along with 4g. of copper hydroxide as prepared 
above, 225 c.c. of a 28% ammonium hydroxide solution were then 
added, the bottle stoppered and the mixture shaken mechanically. 
Viscosity was measured by means of the Ostwald apparatus. It was 
found that the viscosity of the solution obtained from jute was lower 
(8’ 28” at 29°) than that from cotton (10/ 24” at the same tempera- 
ture). 

(b) The same result was obtained by observing the viscosity of 
cellulose acetate in chloroform. A 6°4%, cellulose acetate solution 
in chloroform was found to have a viscosity of 3’ 35’ at29°5° in the 
case of jute and 28/52” at the same temperature in the case of 
cotton. 

(c) 1% Solution of nitrocellulose in ether-alcohol (55:45) gave 
a viscosity (at 20°) of 4” in the case of cotton and 0°5” in the 
case of jute, when determined by the falling sphere viscometer of 
Gibson and Jacobs. 

Solubility tests.—While preparing the cupra-ammonium solution 
as described above, it was found that cotton cellulose required 
14 hours for complete solution while jute cellulose dissolved in 3 
hour. In the case of cellulose acetate it was found that the product 
obtained from cotton was not easily soluble in chloroform, a 64% 
solution being obtained with some difficulty while the acetate 
obtained from jute cellulose under identical conditions was easily 
soluble. The same remarks are applicable to nitrocelluloses 
prepared from jute and cotton, the former being easily soluble in 
alcohol-ether and in acetone while nitrocellulose prepared under 
dentical conditions from cotton was soluble with difficulty. 

It may be noted here that the lower viscosity and higher solubility 
of different derivatives obtained from jute cellulose are interesting 
also from certain industrial points of view, as several industries, 
particularly the lacquer industry, prefer cellulose derivatives of low 
viscosity and high solubility in order that coating compositions may 
be prepared with maximum content of cellulose acetate or cellulose 


nitrate. 
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Summary and Conclusions. 


It will be evident from the experiments described above that 
chemical tests indicate the identity of jute and cotton celluloses. 
Thus, practically the same yield of cellulose acetate is obtained in 
both cases, the yield of glucose as determined by the yield of methy]l- 
glucoside is practically quantitative snd the yield of crystalline 
glucose is almost identical in both instances. The same observation 
is true of the yield of cellulose octa-acetate and the percentage of 
methoxy! in methylated cellulose. It may, however, be observed 
that there is a slight difference in the behaviour of the two celluloses 
when tested by means of alkali of different concentrations with the 
subsequent formation of viscose. The difference is, however, more 
prominent in the case of physical tests e.g., surface tension, 
viscosity, solubility and the time of coagulation of viscose solutions. 
These differences are not without significance on the constitution of 
cellulose. 

Cellulose is usually represented by the formula (CgH, 905)n, ‘n’ 
being unknown. The usual assumption that ‘n”’ is a very great 
number is contradicted by recent works of Pringsheim (Annalen, 
1926, 448, 163), Karrer (Cellulosechem., 1921, 2, 127), Hess and 
co-workers (Annalen, 1926, 448, 104), Irvine and co-workers (J. Chem. 
Soc., 1923, 123, 518) as well as by the réntgenographic investigations 
of Herzog and others, which point to the probability of ‘n ’ being a 
very small figure lying between 1 and 4. On the other hand the 
investigations of Staudinger and his co-workers (Z. Phys. Chem., 
1927, 126, 425) as well as of Meyer and Mark (Ber, 1929, 62, 1103) 
make it highly probable that cellulose is formed by the polymerisa- 
tion of the glucose unit and that the degree of polymerisation is 
probably very high and may differ in different cases. 

According to these latter investigators some 30-35 glucose 
molecules are linked with one another by means of the main valency 
along the. axis of the fibre in the form of a chain while some 40-60 
chains are linked side by side by means of the secondary valency of 
hydroxyl groups to form a micell, several of these micellae forming 
the cell of the fibre. 

The results obtained in the foregoing experiments give support to 
the latter view. It appears highly probable that the degree of 
polymerisation (or at least the size of the micellae) is different in 
different cases. The degree of polymerisation in the case of jute 
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cellulose is evidently lower than in the case of cotton. This would 
explain the higher surface tension, lower viscosity and greater 
solubility in the case of jute cellulose derivatives. 

Though it is evident from the above investigations that purified 
cellulose from jute and that from cotton give identical results from 
the chemical point of view, it would be premature to say at this 
stage that they are identical in all respects. Both jute and cotton 
celluloses consist of poly-anhydroglucose residues, each glucose unit 
being probably linked to another in exactly the same manner. But 
the number of glucose residues constituting a poly-anhydroglucose 
unit appears to be different in the two cases. 


CuemicaL LABORATORY, 
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On Thioaldehydes and Thioketones. Part I. 
By Susi Komar Mirra. 


The simple replacement of the oxygen atom in an aldehyde, ¢.g., 
benzaldehyde by sulphur has always resulted in the production of 
a polymerised body (cf. Baumann and Fromm, Annalen, 1848, 66, 
158 et seq ; Klinger and others, Ber., 1877, 10, 1877 et seq). 
Barbaglia and Marquardt’s attempt (Ber., 1891, 24, 1881) resulted 
in a similar failure, benzaldehyde when heated with sulphur gave 
stilbene and trithiobenzaldehyde. 

Benzylidene chloride when condensed with sodium sulphide in 
the present investigation, furnished a reddish oil which decomposed 
when distilled in vacuo to stilbene. 

Ethyl thioacetoacetate and benzaldehyde when condensed in 
presence of piperidine furnished an oil which solidified (m.p. 82-83°) 
after 24 hours. The analysis corresponded to a thiobenzaldehyde, 
probably polymerised. From the mother liquor diethyl benzal- 
diacetoacetate can be isolated. Hence it seems that ethyl thio- 
acetoacetate parted with the sulphur atom abstracting the oxygen 
atom from benzaldehyde. The liberated ethyl acetoacetate reacted 
with benzaldehyde in the normal Knoevenagel way. This is in 
conformity with the behaviour of this substance, as the sulphur 
atom is loosely bound. Benzaldehyde does not react with ethyl 
thioacetoacetate without the condensing agent even on boiling. 

The substance (m.p. 82-83°) condenses with phenylhydrazine, 
methylphenylhydrazine and hydrazine hydrate to give the 
corresponding benzylidene derivatives which point to the substance 
not being athioether. Klinger (loc. cit.) and Ruheman (J. Chem. 
Soc., 1905, 87, 25) isolated a substance having the same m.p. 
(83-84°), which was regarded as a mixture of various indefinitely 
polymerised products (Ber., 1891, 24, 1431). The ready reaction 
of the compound with phenylhydrazine suggests that the 
molecules are loosely bound in the polymerised product by residual 
affinity. The substance (m.p. 82-83°) is converted to (-trithio- 
benzaldehyde of Baumann and Fromm by acid chloride even 


at 0°. 


5 





= 
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The substance when boiled in chloroform solution with piperidine 
produced stilbene and bydrogen sulphide. 


S =~ = 
apne = 2PhC : G'Ph = PhCH:CH-Ph + 2Ph’CS'SH. 
H 


(I) (II) 


The substance (II) could not be isolated and probably is respon- 
sible for the liberation of hydrogen sulphide. 

Anisaldehyde under identical conditions furnished thioanisal- 
dehyde (m.p. 73-75°), identical with that obtained by passing 
sulphuretted hydrogen over anisaldehyde. By performing similar 
experiment (benzaldehyde and ethyl thioacetoacetate) in alcoholic 
solution saturated with hydrochloric acid, Fromm’s #-trithiobenzal- 
dehyde was isolated quantitatively. o- and m-Nitrobenzaldehydes 
with alcoholic hydrochloric acid gave corresponding thioaldehydes in 
the amorphous state. Thioacetophenone was isolated as a dark violet 
oil (b. p. 110°/20 mm.) by passing hydrochloric acid gas through 
alcoholic solution of ethyl] thioacetoacetate and acetophenone. Benzo- 
phenone on similar treatment yielded thiobenzophenone as a blue oil 
(b. p. 155°/10 mm.). Thiobenzaldehyde and thioanisaldehyde were 
found to have molecular weights corresponding to (C,H;CHS), and 
(CH,0'C,H,'CHS),,; respectively, but shiobenzophenone was found 
to be monomolecular. This suggests that these thioaldehydes were 
produced in the unimolecular state and were polymerised subse- 
quently. It was observed that these aldehydes gave readily 
hydrazones when treated with excess of hydrazines alone or in 
pyridine solution containing a trace of piperidine. Evidently these 
bases possess the property of transforming the polymerised molecule 
to the unpolymerised state. 


EXPERIMENTAL. 


Thiobenzaldehyde (Method I).—Thioacetoacetic ester (10 g.) in 
alcohol (50 c. c.) was mixed with benzaldehyde (20 g.). The solution 
was diluted with water to turbidity. Piperidine (0°5c.c.) was then 
added and the mixture was allowed to stand overnight. The super- 
natant liquid was then decanted off and the white precipitate which 
remained at the bottom was washed several times with dilute alcohol 
and dissolved in chloroform and finally precipitated by means of petro- 
leum ether, m.p. 83-84° (cf. Baumann and Fromm, Ber., 1891, 24, 
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1481), yield 70 p.c. It is soluble in chloroform, carbon disulphide and 
piperidine. It dissolves on boiling with alcoholic sodium ethoxide to a 
deep red solution. A boiling aqueous alcoholic solution of potassium 
cyanide does not affect it (8 hours), On shaking with metallic mercury 
or freshly prepared mercuric oxide it gave mercuric sulphide. (Found: 
C, 68°1; H, 5°2; 8, 25°5; M. W. (ebulliscopic in chloroform), 814°5. 
(C,;H,8); requires C, 68°8; H, 4°9; S, 26°2 percent; M. W., 854). 

Ethyl benzaldiacetoacetate.—The decanted supernatant liquid from 
above was treated with water to just turbidity and on keeping over- 
night, crystals of ethyl benzaldiacetoacetate began to appear. 
Recrystallised from alcohol and petroleum ether, it melts at 138°. 
(Found: C, 65°2; H, 7°1. CygHg,Og requires C, 655; H, 6°9 
per cent.). 

Benzaldehyde-phenylhydrazone.— Thiobenzaldehyde (5 g., 1 mol.) 
and phenylhydrazine (1 mol.) were heated in a boiling water-bath for 
6 hours. When the evolution of hydrogen sulphide ceased, the 
product was washed with dilute hydrochloric acid and crystallised 
from alcohol, m. p. 158°, yield 80 p. c. (Found: N, 14°57. C,,;H,9N¢ 
requires N, 14°83 per cent.). 

Benzaldehyde-asym-phenylmethylhydrazone.— Thiobenzaldehyde 
(5 g.) was treated with requisite quantity of phenylmethylhydrazine 
(asym.). The product was recrystallised from alcohol, m.p. 102°, 
yield almost theoretical. (Found: N, 18°51. C,,4H,4Ng requires 
N, 13°33 per cent.j). It also gave dibenzalazine with hydrazine 
hydrate, m. p. 93°. 

Thiobenzaldehyde (Method II).— Benzaldehyde (50 g.) in alcohol 
(100 c.c.) was treated with piperidine (1 c.c.) and hydrogen sulphide 
was passed into the mixture. After a short time, the mixture grew 
hot and the reaction was moderated by cooling in ice. The reaction 
was completed in 1 hour when most of the thiobenzaldehyde separated 
asapasty mass. The product was then kept in a steam oven for 6 hours 
and finally crystallised from chloroform and alcohol, m. p. 83-84°, 
yield 90 p.c. Thioanisaldehyde was prepared in a similar manner, 
m.p. 78-75°. 

Action of thiobenzaldehyde on acyl chlorides in presence of 
piperidine. —A mixture of thiobenzaldehyde (3 g.), piperidine (0°5. c.c.) 
and chloroform (30 c. c.) was allowed to stand for 6 hours and then 
treated with benzoyl chloride (1 mol.) and kept at 4° for 4 hours. It 
gave white crystals, m. p, 226°, identified as -trithiobenzaldehyde, 
yield quantitative. Acetyl chloride behaves similarly. 
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Formation of stilbene from thiobenzaldehydce.—Thiobenzaldehyde 
(10 g.) dissolved in minimum quantity of chloroform and treated 
with piperidine (0°5 c. c.) and boiled on the steam bath till the 
evolution of hydrogen sulphide ceased. The chloroform was removed 
and the resulting product was extracted with ether; after removal 
of ether, the oil gave stilbene, m. p. 127°, on vacuum distillation. 


Preparation of £-trithiobenzaldehyde.— Ethyl thioacetoacetate 
(13 g.) and benzaldehyde (10 g.) in alcohol (40 o.c.) were treated with 
dry hydrochloric acid gas till saturation. The whole mass was kept 
overnight. Needle-shaped crystals of 8-trithiobenzaldehyde collected 
at the bottom. The product was recrystallised from acetic acid, 
m. p. 226°, yield 6 g. The m.p. remained unchanged on mixing 
with 8-trithiobenzaldehyde prepared by passing sulphuretted hydrogen 
through benzaldehyde in alcoholic hydrogen chloride. It did not give 
any sulphuretted hydrogen when boiled with phenylhydrazine in 
acetic acid, in pyridine and in pyridine with a trace of piperidine. 

o-Nitrothiobenzaldehyde.— o-Nitrobenzaldehyde (10 g.) in alcohol 
(60 c. c.) containing ethyl thioacetoacetate (11 g.) was treated at 0° 
with dry hydrogen chloride till saturation. After 8 hours a white 
precipitate separated. It was filtered off, washed free from acid with 
rectified spirit and then with alcohol and ether. It was purified by 
dissolving in pyridine and precipitating by means of ether, m. p. 
168—72°, yield 9 g. (Found: N, 8°2 ; 8, 19°2. C,;,H,;0,NS requires 
N, 8°38 ; S, 19°16 per cent.). 

o-Nitrothiobenzaldehyde is insoluble in almost all organic solvents 
excepting pyridine. On standing it transformd into plastic state 
and finally resinified. In pyridine solution in presence of few drops 
of piperidine it gave with phenylhydrazine the phenylhydrozone, 
m. p. 156° with evolution of sulphuretted hydrogen. (Found: N, 
17°3. C,3H,,02N; requires N, 17°4 per cent.). 

m-Nitrothiobenzaldehyde was prepared from m-nitrobenzaldehyde 
(6 g.) under similar conditions as the preceding compound, Its 
method of purification and properties are also similar to the ortho 
analogue. It shrinks at 110° and melts at 185—90°, (Found: N, 8°4 ; 
§,18°9. C,H,;0,NS requires N, 8°38 ; S, 19°16 per cent.). 

Thioanisaldehyde.— An alcoholic solution (40 c¢.c.) of anisalde- 
shyde (10 g.) and ethyl thioacetoacetate (20 g.) was saturated at 0° 
with HCl for 20 minutes and kept for 4 hours. After addition of 
water (4 c.c.) the pasty mass was washed with alcohol and extracted 
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with ether and ether removed. It was further purified by precipitating 
from hot alcohol, m. p. 73—76°, yield 4 g. 

It can also be prepared with better yield (8 g.) by following the 
first method cf preparation of thiobenzaldehyde. It is fairly soluble 
in ether, chloroform, pyridine and benzene, but sparingly soluble in 
cold alcohol. It gives phenylhydrazone, m. p. 120°. (Found: 
C, 65°3; H,6°4;8, 20°; M. W. (ebulliscopic in CHCl,;), 1690. 
(CgH,OS),; requires C, 63°15; H, 5°26; 8S, 21°05 per cent; M. W., 
1672). 

Thioacetophenone.— A mixture of acetophenone (50 g.) and ethyl 
thioacetoacetate (70 g.) in alcohol (100 c.c.) was saturated at 0° with 
HCl, allowed to stand for 10 hours and then treated with crushed ice. 
The oily product was extracted with ether, washed with sodium 
carbonate solution and dehydrated over calcium chloride. The oil on 
removing the ether was distilled in vacuum. The distillate between 
100-125° on repeated fractionation gave a dark violet oil, b. p. 110/20 
mm., yield 5 g. It is a deep violet unstable liquid possessing garlic 
odour. On keeping the colour disappears. Unlike the thioaldehydes 
it reacts with phenylhydrazine in cold with the formation of a pheny!- 
hydrazone, m. p. 102°. (Found: C, 70°2; H, 6°05; 8, 23°3. C,H,S 
requires C, 70°58; H, 5°88; S, 23°5 per cent.). 

Thiobenzophenone was prepared from benzophenone (10 g.) and 
ethyl thioacetoacetate (15 g.) and purified in the same way as the pre- 
ceding compound. The resulting oil was distilled in vacuum and the 
fraction collected between L00-170° at 10 mm. on repeated fractiona- 
tion gave a dark blue oil, b. p. 175/10 mm., yield 3g. (Found : 
C, 78°5; H, 6:1; 8, 16°2 ; M. W., 2138. C,3;H,9S8 requires C, 78°7; 
H, 5°05; 8, 16°16 per cent; M. W., 198). 

In conclusion the euthor wishes to convey his grateful thanks to 
Sir P. C. Ray for his kind interest and encouragement during this 
investigation. 


Pauit Proressor’s LABORATORY, 
University CoLiecr oF Science, Received October 10, 1981. 
CaLcurta. 

















Studies in Acenaphthenone. Part III, 
On the Reactivity of its ‘CH,’ Group. 


By Anukut CHANDRA Sircar AND M.D. Rasa GoPALAN, 


Recently some patents have been taken for the production of vat 
dyes by the condensation of acenaphthenone with 2:3-diketo- 
dihydrothionaphthene (D.R.P. 226244) and its derivatives (D.R.P. 
218992) and with derivatives of isatin or naphthisatin (D.R.P. 
237819; E.P. 27773/09). Kalle and Co, (E.P. 233452) have claimed 
the production of certain vat dyes by alkali fusion of acenaphthenone 
derivatives of general formula, 


a 


where R is a substituted or unsubstituted aryl group. 

With the exception of these recent attempts to prepare vat dyes, 
very little or rather no systematic work has been done upon acenaph- 
thenone derivatives. In the two previous communications in this 
series (J. Indian Chem. Soc., 1932, 9, 103, 297) pyrilium, indole and 
acridine derivatives from acenaphthenone have been described. In 
the preparation of all the above three types of compounds both the 
CO and the CH, groups of acenaphthenone were utilised. The 
present paper deals with the reactivity of acenaphthenone through its 
CHg, group alone. , 


Action of Nitroso Compounds on Acenaphthenone. 


Aromatic nitroso compounds very readily react with reactive 
methylene groups (cf. Ehrlich and Sachs, Ber,, 1899, 82, 2341; 
Sachs, Ber., 1900, 33, 959; Sachs and Bry, Ber., 1901. 34, 118, 
etc.). Recently Pendse and Dutt (J. Indian Chem. Soc., 1930, 8, 
953) have shown that aromatic nitroso and isonitroso compounds in 
presence of glacial acetic acid or acetic anhydride condense 
with thiohydantoin forming products many of which are fairly 
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deep coloured and well adopted for dying on wool and silk. It was 
therefore expected that similar dyes could also be prepared by the 
condensation of acenaphthenone with various aromatic nitroso 
compounds. 


{  S$—«:0 | >—«:0 
tie ae ie - 


~ [A] 


In attempting to effect the condensation in presence of acetic 
anhydride, there was obtained every time only a dark resinous pro- 
duct from which nothing definite could be isolated. Glacial acteic 
acid and fused sodium acetate, 10% alcoholic potash, 
diethylamine, and piperidine were next tried as condensing agents 
and the following nitroso compounds were used: nitrosophenol, 
nitrosodimethylaniline and nitrosothymol. When the condensa- 
tions were attempted at temperatures ranging between 60-80° 
using acetic acid and sodium acetate one and the same product, 
bisacenaphthylidenediketone (M), was obtained with every nitroso 
compound. 





This compound had already been obtained by Graebe and Gfeller 
(Annalen, 1898, 276, 17) and afterwards been synthesised by the con- 
densation of acenaphthenone with acenaphthenequinone (D.R.P. 
212858). It has also been prepared in the course of the present 
investigation by condensing acenaphthenone with acenaphthene- 
quinone and its identity established by mixed melting point deter- 
mination and study of other properties. The formation of such a 
compound (viz., bisacenaphthylidenediketone) can be explained. only 
if a part of acenaphthenone is oxidised by the nitroso compounds to 
acenaphthenequinone which in turn condenses with the unchanged 
acenaphthenone. 
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The oxidising actions of aromatic nitroso compounds have been 
already observed by many previous workers, ¢.g., Alessandri (Atti. 
R. Accad. Lincei, 1915, v, 241, 62) found that asarone was 
oxidised to asarylaldehyde and apiol to apiolaldehyde by the 
action of nitrosobenzene. Again Cazeneuve (Compt. rend., 1889, 
109 185) showed that nitrosocamphor could oxidise glycerol 
to glyceric aldehyde, mannitol to mannitose and even alcohol to 
aldehyde. 

When the reaction of the nitroso compounds with acenaphthe- 
none was attempted at ordinary temperature using acetic acid and 
sodium acetate, no change was observed even after keeping it for 
3-4 days. When on the other hand the condensation was tried at 
ordinary temperature in alcoholic solution using 10% alcoholic 
potash, piperidine or diethylamine as condensing agents in addition 
to small quantities of the above mentioned compound (bisaceaaphthy!l- 
idenediketone), small quantity of another compound (white prismatic 
plates, m.p. 28¥-90°) was obtained. It contains no nitrogen. 
Its percentage composition agrees exactly with that of acenaphthe- 
none. Though the exact nature of the compound could not be 
established, it appears that two or more molecules of acenaphthenone 
have somehow condensed without the elimination of any water. 
Further work towards the elucidation of the constitution of the 
substance will soon be undertaken. 


Condensation of o-Diketones with Acenaphthenone, 


Reactive methylene groups can readily condense with carbonyl 
group (CO) to yield either an aldol type of product or the normal 
unsaturated product. Though a compound of the latter type has been 
prepared by the condensation of acenaphthenone with acenaphthene- 
quinone (D.R.P. 212858), the aldol type of compound had not been 
previously obtained and this has now been achieved. The aldol 
product on heating with sodium acetate and acetic anhydride loses 
a molecule of water and gives the normal unsaturated product. 


6 
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Acenaphthenone has also been condensed with phenanthraquinone 
but here only the aldol phase could be isolated. When condensation 
was tried with benzil the normal product was only obtained, the aldol 
phase being lost sight of. 


Condensation of Aromatic Aldehydes with Acenaphthenone. 


Graebe and Jequer ((Annalen, 1896, 290, 204) prepared benzyli- 
deneacenaphthenone by the condensation of acenaphthenone with 
benzaldehyde. The work of Graebe and Jequer (loc. cit.) has now 
been extended and the following aldehydes were condensed with 
acenaphthenone : 

(1) Anisic aldehyde, (2) salicylic aldehyde,* (3) m-hydroxy- 
benzaldehyde, (4) p-nitrobenzaldehyde, (5) m-nitrobenzaldehyde, 
(6) p-acetylaminobenzaldehyde, (7) cinnamic aldehyde. 


Action of amyl nitrite on acenaphthenone.—The reactivity of the 
CH, group towards amy! nitrite and hydrochloric acid has also been 
studied. By following the method adopted for the preparation of 
isonitrosoflavanone from flavanone (Kostanecki and Szabranski (Ber., 
1904, 37, 2819), isonitroso derivative of acenaphthenone has been 
prepared. This is, as expected by theory, found to be identical with 
the monoxime of acenaphthenequinone, 


Amy] nitrite ¢ 2: N'OH 


[A] & acid c > 0 


isoNitrosoacenaphthenone. 


* Kalle & Co. (E. P. 233452) claims the preparation of vat dyes by the potash 
fusion of certain acenaphthenone-aldehyde condensation products. But even in 
the original patent literature with the exception of tle name of salicylic aldehyde 
derivative no mention is made about the compounds prepared or utilised. 
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EXPERIMENTAL. 
Action of Nitroso Compounds on Acenaphthenone. 


(a) With p-nitrosodimethylaniline.—To a mixture of acenaphthe- 
none (0°5 g.) and freshly prepared p-nitrosodimethylaniline (0°43 g.) 
dissolved in 10 c.c. of acetic acid, 2-3g. of fused sodium acetate were 
added. The mixture was heated on the water-bath for about 14-2 
hours when some orange needles began to separate. The heating was 
continued for another 4 hour to complete the separation of the 
crystals. These were filtered hot and recrystallised in beautiful 
orange needles from a large quantity of acetic acid in which they are 
only sparingly soluble, m. p. 287-88°. Itdoes not contain nitrogen 
and was identified to be bisacenaphthylidenediketone (vide infra). 

(b) With nitrosophenol.—Acenaphthenone (0°5 g.) and freshly 
prepared nitrosophenol (0°38 g.) were dissolved in 10 c.c. of acetic 
acid and 2-3 g. of fused sodium acetate added and the mixture 
refluxed on the water-bath for 3-4 hours. Asin the preceding experi- 
ment, orange-yellow needles separated which after recrystallisation 
were identified to be bisacenaphthylidenediketone (vide infra). 

(c) With nitrosothymol.—Acenaphthenone (0°5 g.) and nitroso- 
thymol (0°52 g.) were dissolved in acetic acid to which 2-3 g. of 
sodium acetate had been previously added and proceeded as in the 
two preceding cases. The separated crystals were again found to be 
identical with bisacenaphthylidenediketone. 

As the nitroso compounds acted as oxidising agents in the hot 
state, attempts were next made to bring about the desired condensa- 
tion in the cold, but no change was observed even on standing for 
8-4 days. 

Then the condensation was tried in presence of condensing agents 
like alcoholic caustic potash, piperidine or diethylamine. 

(d) Action of nitrosophenol on acenaphthenone in presence of 
caustic potash.—Acenaphthenone (0°5 g.) and nitrosophenol (0°38 g.) 
were dissolved in the smallest quantity of alcohol, a few drops of 10% 
alcoholic potash added and the mixture allowed to stand for 10-12 
hours. The separated crystalline precipitate on examination was 
found to be a mixture of orange-yellow needles and white prismatic 
plates. The crystals were filtered and extracted with boiling acetic 
acid when the major portion of the orange-yellow substance together 
with very little of the white substance went into solution. The pre- 
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cipitate left after extraction with acetic acid was dissolved in chloro- 
form and either ether or petroleum ether added to the chloroform 
solution when only the white prismatic plates separated. 

This was filtered, m.p. 289-90°. The substance does not contain 
nitrogen. It is soluble in pyridine, almost insoluble in alcohol. It 
gives a straw-yellow colour with concentrated sulphuric acid and 
developes a greenish fluorescence after keeping for some time. 
(Found: C, 85°57 ; H, 4°42. C,,HgO requires C, 85°72; H, 4°76 
per cent.). 

The acetic acid extract was diluted with water and the sepa- 
rated precipitate gfter repeated crystallisations from acetic acid 
was identified to be bisacenaphthylidenediketone. 

Condensations with p-nitrosodimethylaniline and nitrosothymol 
were next tried using alcoholic potash as the condensing agent, 
but the results were identical with that of the preceding ex- 
periment, only with this difference that the relative yields of the 
two products, viz., (1) bisacenaphthylidenediketone and (2) the 
white prismatic plates were somewhat different. 

The experiments were also repeated by using diethylamine 
and piperidine respectively, as condensing agents, but with no 
better results and only the same two products could be isolated. 

That the orange-yellow needles obtained in each attempt to 
condense acenaphthenone with nitroso compounds were identical 
with bisacenaphthylidenediketone (vide infra), was established in 
each case by mixed melting point determinations. 


Condensation of Acenaphthenone with o-Diketones. 


Bisacenaphthylidenediketone was easily obtained as orange-yellow 
needles by heating on the water-bath a solution of acenaphthenone 
(0°5 g.) and acenaphthenequinone (0°54 g.) in 10 ¢.c. of acetic acid 
with fused sodium acetate (2-3 g.) for 3-4 hours. After recrystal- 
lisation from acetic acid it melted at 287-88° (Graebe and Jequier 
give the m.p. 295°). (Found: C, 86°82. H, 3°85. Co,H;,0, 
requires C, 86°76 ; H, 3°61 per cent.). 

Aldol condensation of acenaphthenone and acenaphthenequinone.— 
The original filtrate from the preceding experiment was diluted with 
water, when a sticky solid separated. This was filtered and a portion 
of it was found to be highly soluble in alcohol, benzene, acetic acid 
or pyridine. The solid was extracted with cold alcoho! and filtered 
from the insoluble residue. The filtrate was boiled with animal 
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charcoal and filtered. The filtrate on dilution yielded a microcrys- 
talline powder which was then extracted with cold pyridine and 
filtered. To the hot pyridine solution hot water was slowly 
added when slightly pinkish plates separated on cooling. The 
crystals were filtered, washed repeatedly with dilute hydrochlo- 
ric acid and then dried in a steam oven to free it from any 
pyridine left adhering, m.p. 168-69°. The yield of this product was 
very poor. The substance is slightly soluble in caustic potash 
solution with a blue fluorescence. In alcoholic potash it gives a green- 
coloured solution. It is highly soluble in alcohol, benzene, chloro- 
form, etc. (Found: C, 82°73; H, 3°86. C,,H,,0, requires C, 
82°28; H, 4°0 per cent.). 

A better yield of the above aldol product (50 % after purification) 
was obtained by the condensation of acenaphthenone with acenaph- 
thenequinone at a lower temperature (60-70°) and heating it for 
somewhat longer time (5-6 hours). Under these conditions the 
formation of bisacenaphthylidenediketone was entirely avoided. 

The aldol product easily parted with water when heated for 
about §-} hour with excess of acetic anhydride and sodium acetate 
and yielded bisacenaphthylidenediketone, identified by mixed melting 
point determination. 


Condensation of Acenaphthenone with Phenanthraquinone. 


‘ 
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Acenaphthenone (0°5 g.) and phenantbraquinone (0°62 g.) were 
dissolved in glacial acetic acid (15 c.c.) and sodium acetate (2-3 g.) 
added and was heated on the water-bath for 6-8 hours. No 
precipitate appeared during heating. After cooling the reaction 
mixture was diluted with water and the precipitate filtered. The 
solubility of the product thus formed was only very slightly different 
from that of phenanthraquinone whereas that of acenaphthenone was 
very different. By washing the precipitate with rectified spirit it 
was freed from acenaphthenone. The condensation product is less 
soluble in acetic acid than phenanthraquinone. Thus by repeatedly 
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dissloving the precipitate in acetic acid and then adding water in 
such a proportion as not to precipitate the whote thing, a product was 
obtained which however could not be crystallised from any solvent. 
It is fairly soluble in alcohol, highly so in benzene or chloroform. 
This product, purified from acetic acid by fractional precipitation by 
water, was obtained as a microcrystalline powder, decomposing at 
185-87°, without melting. The yield, however, of the purified 
product was extremely poor. It dissolves in concentrated sulphuric 
acid with a greenish-yellow colour. (Found: C, 82°26; H, 4°64. 
Cy,H,,03 requires C, 82°96; H, 4°25 per cent.). 


Condensation of Acenaphthenone with Benzil. 
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Acenaphthenone (0°5 g.) and benzil (0°63 g.) were dissolved in the 
smallest quantity of alcohol and a few drops of 10% alcoholic potash 
(10%) added, when immediately a beautiful crystalline precipitate 
separated. The filtered precipitate was washed with 50% alcohol 
and was purified by recrystallisation from dilute alcohol as 
glistening hexagonal yellow plates, m. p. 205°. It is sparingly 
soluble in absolute alcohol or acetic acid and highly soluble in 
benzene or chloroform. It dissolves in concentrated sulphuric 
acid with a scarlet red colour and is reprecipitated on dilution. 
(Found: C, 86°32 ; H, 4°42. O02,H,,0, requires C, 86°68 ; H, 4°4 
per cent.). 


Condensation of Aromatic Aldehydes with Acenaphthenone. 


Anisylideneacenaphthenone. 
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Equimolecular quantities of acenaphthenone and anisic aldehyde 
were dissolved in the smallest quantity of aleohol and a few drops 
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of 10% alcoholic potash added. After some time a resinous product 
separated. This was filtered, washed with 40% alcohol, and then 
was dissolved in boiling alcohol, decolorised by animal charcoal 
and filtered hot. The filtrate, on dilution with a few drops of water, 
deposited on cooling beautiful yellow parallelepiped crystals, m. p. 
126°5-27°. It is sparingly soluble in acetic acid or ether, highly 
soluble in chloroform or benzene. It gives a scarlet red solution 


with concentrated sulphuric acid and js reprecipitated on dilution. 
(Found: C, 83°51; H, 5°0. Cy gH,,O9 requires C, 83°90; H, 4°89 
per cent.). 

The following benzylideneacenaphthenones were prepared in a 
similar way (except where otherwise mentioned) as the preceding 
compound. They generally separated as solids without any difficulty. 


m-Nitrobenzylideneacenaphthenone from acenaphthenone and 
m-uitrobenzaldehyde separated from dilute alcohol in straw coloured 
rectangular plates, mixed up with some microcrystalline mass, 
m. p. 177-78°. It is highly soluble in benzene or chloroform 
and sparingly soluble in ether. It gives a blood-red solution with 
concentrated sulphuric acid and on dilution the original substance is 
reprecipitated. (Found: N, 4°87. C) 9H,,0O3;N requires N, 4°65 
per cent.). 

p-Nitrobenzylideneacenaphthenone from acenaphthenone and 
p-nitrobenzaldehyde, forms yellow silky needles from acetic acid, 
m. p. 239-40°. Itis soluble in aleohol, acetic acid, and highly so 
in chloroform or benzene and is insoluble in ether. It gives deep 
red colour with concentrated sulphuric acid. (Found: N, 4°93. 
C,9H,,03N requires N, 4°65 per cent.). 

Cinnamylidenecacenaphthenone from cinnamie aldehyde and ace- 
naphthenone, separated as a microcrystalline powder on the addition 
of water to the alcoholic solution of the reaction mixture after 24 
hours of standing. It was purified by repeatedly dissolving in 
alcohol and reprecipitating by the addition of water containing a few 
drops of hydrochloric acid, m. p. 214-15° with previous shrinking 
at 196°. Itis soluble in benzene, chloroform or acetic acid. It 
gives an yellowish brown solution with concentrated sulphuric acid and 
is reprecipitated on dilution. (Found: C, 89°17; H, 5°1. Cg,;H,,0 
requires C, 89°37; H, 4°96 per cent.). 

Salicylideneacenaphthenone from salicylic aldehyde and acenaph- 
thenone, has already been described under pyrylium compounds, 
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(J. Indian Chem. Soc., 1932, 9, 105), m. p. 186-87°. (Found: 
C, 83°79 ; H, 4°53. Cy 9H gO. requires C, 83°81; H, 4°41 per cent.). 

m-Hydroxybenzylideneacenaphthenone was prepared from m- 
hydroxybenzaldehyde and acenaphthenone in the same way as the 
preceding compounds and crystallised from dilute alcohol as pale 
yellow rectangular plates, m. p. 191-92°. It dissolves in alkali and 
in concentrated sulphuric acid with a reddish yellow colour. (Found: 
C, 83°51; H, 4°59. U,,H,,0, requires C, 83°81; H, 4°41 per cent.). 

p-Acetylaminobenzylidencacenaphthenone, from acenaphthenone 
and p-acetylaminobenzaldehyde, crystallised from hot boiling aleohol 
in long yellow needles, m. p. 255°5—56°. It is soluble in chloroform 
or benzene. It dissolves in concentrated sulphuric acid with a red- 
ish orange colour and is reprecipitated on dilution, (Found: N, 4°67. 
Cg,;H,;02N requires N, 4°47 per cent.). 

Preparation of isonitrosoacenaphthenone.—A mixture of acenaph- 
thenone (1 g.) and amy! nitrite (1°03 g.) im alcohol (20 c.c.) was 
heated on the water-bath in a round-bottomed flask under a reflux. 
When the solution was just boiling hydrochloric acid ‘4°12 g., 
d 1°19) was added drop by drop. The colour of the solution 
changed from yellow to orange-red. Addition of hydrochloric acid 
was completed in about 4 hour. On cooling a solid separated. 
To the cold mixture water was added and the precipitate filtered. 
This was extracted with dilute sodium hydroxide solution, when 
a part went into solution forming a reddish solution. The solution 
was then filtered and to the filtrate dilute acetic acid was added 
which gave a precipitate. This was crystallised from dilute alcohol 
in fine ash-coloured needles. The isonitroso compound thus prepar- 
ed was found, as expected by theory, to be identical with the mon- 
oxime of acenaphthenequinone. This was confirmed by a mixed 
melting point determination. 


CHemicaL LAporaTory, 
Received August 17, 1982. 
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HO;8 CH, , CH, —/\ 80;H 
Elman Ga 
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